e 
* 


EEO 
PAR, 
: - 


SJ. 
, * % * * by 


* 


* 


— 


rattical 


* 


introduction to the whole 


- 


* 


NNN 
FR 
, = - 
A 
1E 22 
3 8 
2 82 
46 8 GE 


* 


12 


® " n — at * DIY 4 
* * —_—_ = 


Practical Navigation! 


OR AN 
Introduction to the whole A rt, 


* Containing, many uſeful Geometrical Definitions and Pro- 


blems ; The Doctrine of Plain and Spherical Triangles ; ; 


The Azimuth-C ompaſs an 
Gunter s- - Scale, Plain - Chart, Mercator s - Chart, both 


= | au cxrfully Corected with many uſeful Additions, 


n 


—— 


| LONDON: 


b Printed for Aha Page, and i jliow Mao at, in a fer, 


Be on Tower Hill, MDCC XXX. 


Plain, "Mercator, and Great-Circle Sailing; Sundry uſe-| | 
ful Problems in Aſtronomy; 1 The Uſe of Inſtruments; 


Ring - Dial. The Fore-“ 
Staff, Quadrant, and Nocturnal The Plain - Scale, 


* 


Globes, and Virtues of the Loadſtone. Uſeful Tables . 
of the Moon's Age, of the Tides, of the Sun's Place, 
I Dectination and ioht Aſcenſion ; 'of the Star O Rights) E: 
II Aſcenſion and Decſination; The Latitude and Longi-| | 
Ii tude of Places, and a Table of Meridional Parts; Like-| | 

| | wiſe a new Traverſe- Table, and the Uſe thereof in| 
| keeping a Reckoning at Sea: Alſo a Table of 1000 


| Logarithms, and of the Logarithm- Sines, Tangents, 
| | and Secants. 1+ 


L || By Jon SELLER, @ Hydrographes ro eig 


2 — 22 „ * 


BO ORS of Navigation printed for Thomas Page 
daa nd William Mount | 
HE Coaſting Pilot for England, Scotland, Holland, &c, 

The E. Pilot for the Channel. E. Pilot for the Streigbts 

The Eng. Pilot for the Northern Navigation 
The Eng. Pilot for the W. Indies. Eng. Pilot for the E. Indie: 
Fra- Atlaſs, contain. Charts of the Sea Coaſt of the whole World 
The Matiners New Kalendar. By Nathaniel Colſps 
The Mariners Magazine. By Capt. Samuel Sturmy, Folio 
The Seamans Kalendar. By Henry Philips 
The Seamans New Kalendar. By Villiam Leybourn- 
Nerwood's Doctrine of Triangles, applied to Navigation 
The Seamar's Practice. By Richard Mormocd . 
Practical Navigation: or, an Introduction to the whole Art 
The whole Art of Navigation. By Capt. Daniel Newhouſe 
A Light to the Art of Gunnery, By Capt. Thomas Binning 
Sberwin's Tabl.s of Logarithms . 
Ker ſey's Algebra 1 5 
A Hftem of the Mathematics, in two Parts, By J. Hodgſou 
The Compleat Modeliſt, or Art of Rigging; ſhewing how to 

raaiſe the Model of any Ship ; and to find the Length and 


Bigneſs of every Rope, with tke Weight of their Anchors 


and Oables OS 
Navigation New Modell'd. By Henry Wilſon 85 


The Boatſwain's Art; ſhewing the Art of Rigging any Ship 


The Compleat Shipwright. By Edmund Buſhnel, Shipwright 


The Ship- Builders Aſſiſtance. By William Southerland 


_ Compleat Shipwright and Mariner 

Sea-Gunners Companion. By Capt. P;vey 

An Epitome of the whole Art of Navigation, containing an 
_ eaſy methodical way to become a compleat Navigator. By 

J. Alkinſen RE 


Epitome of Navigation the Three kinds of Sailing; Aſtro- 


nomy and Geography with uſeful Tables in Navigation. By 
Nor woods Epitome of Navigation, with Additions, By J. 4 


 Mariner's Compaſs Rectified. By Aud ew Valely, much 


eenlarged F 

An Epitome of Navigation. By William Fopes 
Arithmetical Trigonometry By Mark Forſter, 
A Key to Arithmetick and Algebra, By J. Parſons. 


N. B. These arealſo ſold all ſorts of Mathematical and Sea 
Books, Pilots and Sea Charts for all Parts of the World, Plain 


and Mercator; or Books of any Subjects; Paper, or Paper= 
Books, the beſt Int, and. ali other Stationary Mare. 
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TO THE 


INERS 


OF 
Great-Britain and Ireland. 


4 


GENTLEMEN, ' 


2 1 H IS Book was firſt Written by Mr. John Seller, and very much 
Enlarged by Mr. John Colſon, deceas'd, who taught Navi- 


gation for many Years in London, and has been much Eſteemed by 


the Lovers of the Art of Navigation, as has appeared by the many Im- 
preſſions Sold off, And being informed that there were very many und 
_ conſiderable Errors in it, occaſioned by often Printing, and that the 


whole wanted a Reviſe, I have therefore had it overlook'd, corrected. 


and amended, and added what was defective; and renewed the Tables, 
which by Length of Time were worn out , and for the Tables of Loga- 
_ rithms, Sines, and Tangents, there has been ſuch great Care and © 
Pains taken in correcting aud amending them, that I may juſtly Re- 
commend them, as the moſt Correct extant, All which we hope will 
oblige the Ingenious Mariner, and Encourage the Learner of the Art 
of Navigation, into whoſe Hands it ſball come, ER 
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N On the practical Navigation of my ve ty good F 


Rich Arguments of an Ingenious Mind; 
That for our good your Talent will not hide, 
But build a Light-hos/e Mariners to guide. 
What others have in mighty Volumns done, 
You neatly here have concluded all in one; 
Yet ls your Book to no great Volumn grown, 
Tho' grac'd with large Additions of your own, 
For me to praiſe your Work, might be my blame, 
Fearing my Mcanneſs might diſpraiſe the ſame ; 
You want not learned Pens, in lofty Verſe, 
Your well-deſerving Praiſes to rehearſe, 
Mean Artiſts, Men Obſcure (and ſuch am I) 
Ought 'twiſn and pray for your Proſperity, 
Let rouſe for (once) my humble Muſe, and let 
The Country-Oake Pipe drown the Flajelet ; 
And 'tis but fitting (ſith your Pains in this 
To City and to Country uſeful is) 

That City Poetry and Country Fays 
With joint Conſent ſhould eccho forth your Praiſe. 
Who doth peruſe your Work, ſhall ſurely find, 

The Subject handled well, and well deſign'd. 
| - You much have done in little: Here we find, _ 
a What in this Art may pleaſe a curious Mind, 
| The Longitude excepted: but ii we 

Jour Rules obſerve, obtained it may be 

For uſe ſufficient; but the ſame to get, 
With certainty, is not diſcovered yet. 

Which rare performance, if that any can 

Make plainly out, | wiſh you be the Man. 
But ſtay, my Muſe, be fhort and not ſo rude; 

I'll only wiſh you well and ſo conclude. 

May theſe your Labours (as they profit all) 

Turn to your profit and your good withal. 
May no baſe Plagiary arrogate 
| That to himſelf, which you by pains have got. 
. May never Engliſh-man be fo unkind,  _ 
Wrights As famous * Wrigbt, and reverend f Ward do find) 

rt eſcrib'dT” aſcribe to Strangers, what you have ſet forth, 
Mercator. Detracting ſo from their and your true Worth, 
Dr Ward's May you encourag'd be, as Reafonis 
, To publiſh more luch uſeful Works as thit; 

3 "May you be Happy ever in theEnd: _ 


d to * Thus prays your umble Servant and your Friend. 


. 


Gloceſterſpire, 


riend the Author. 
YyouR Book (kind-Sir) I have perus d and find Eq Ys 


” * maol I Ge f ; 2 Nat baniel Friend. 
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T of Contents of the fol owing” Treatiſe. 


On AP. I. 4 Pretiminary Diſcourſe of Navigation and Arithmetick, 


Sect. f. A Preliminary Diſcourſe of Navigation | 55 Page r 


8e&. . 9 Numerat ion 
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o 2 
Ses 70 Multiplication 
—4 6, of DO. viſion 
F the Rule of Three 


S& J. K. Some Queftions auſwer ed, and the Way of Workin chew Pirie, ſerving to 


Mluſtrate the foregoing Rules, 15 
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0 H AP. II. conn PREY uſeful 22 9 ee 
Sect. 1. Geometrical Definitions Ny 
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Sect. 2. Of Right angled Plain Triangles 1 5 2 
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CHAP. vin. 18 Defirin: of the 

47% in the Art af Navigation. 
Seck. 1, Of Aſtronomical Definitions. * | Rs 
Sect. 2. Of aſtronomical Problems, 93 
Sect. 3- Containing ſome general Aſironomical Theories, | to which are Seen ſome Me- 


morial Verſes of Mr. Street, for finding the A Prime, Epaft, &c, 111 
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CH AP. IX. 
Set. I. The Original Diſcovery, and Invention of the Mariners Compaſs, and the Ex-. 
celliney thereof. 23 
Sect. 2. 4 Diſcourſe of the Variation of the Compaſs, aud the Natural Ceaſe thereof 
w:th Obſervations of the Variation, 5 6 
Sect. 3. Ihe Deſeription and Uſe of ihe eb Compaſs. | 127 
Seck. 4 The Deſcription and Uſe of the Un niverſal Ring Dock” ma ; 
. . 
ect. 1. Tbe Deſcription and Uſe of the Croſs- Staff, = 1 5 
Sect. 2. The Deſcription and Uſe of the Quadrant. 1 139 
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3 „ Hereunto are annexed ſeveral uſeful Tables. e 
| 4 Table of the Moon's _ * | | BY TI 204 
large Tide Table. | „ — 
: 214 


Table of the Sun's Rigbt Aſcenſſon. f 
> Table of the Right e and Oiclination * of cheProclfucd Stars | 216 8 


A large Table of Latitudes and Longitudes of Places ® i 


A Tab! of Meridional Parts, to every Degree and Minute | 7; © 

| Tables of the Suns Place and Declination, with a uſeful Kulendur 231 

4 large Traverſe Table, ſbewing the Latitude and Departure for every quarter Point of 
the Compaſs, and to any Diſtance, not exceeding 100000 Miles or Leagues 246 


Ther Uſe in Navigation, eſpecially in a Traverſe, and i in a Sa e or Jour nal 252 


| The manner of keeping a Journal at Sea 255 


A Table of ten Thouſand Logarithms * 265 
A Table of Legarubmetical Sines, Tangent s, and Sean immediatey . the 


ſaid Table of Logaritbms 
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vigation, (I mean Coaſting or Sailing along the Shore.) This Part em- 
ploys the Mariners Compaſs an d Lead, as the chief Inſtruments ; and for 
an Introduction of this Kind, I refer you to the Books, entituled The 
Engliſh Pilot, deſcribing the Sea-Coaſts, Capes, Soundinge, Sands, Rocks, 
and Dangers; the Bays, Roads, Harbours, Rivers, and Ports, in moſt | 
of the known Parts of the World: Being furniſbed with new and Exact 
 Draughts and Deſcriptions, collected from the Experience of divers of 
Able Navigators; Sold by Meſſ. Page and Mount on Tower Hill, 


| pally deſerves to be entituled, The Art of Navigation, is that Part which 

guides the Ship in her Courſe chrough the Immenſe Ocean, to any Part 
ot the known World; which cannot be done unleſs it be determined in 
what place *the Ship is at all times, both in reſpect of Latitude and Lox= 
gitude: this being the principal Care of a Navigater, and the Maſter- | 
Piece of Nant ical Kien re. %%ͤͤͤ Ty Ee 


four Things are ſubordinate Recuifites : 


0 * 5 Y K a * o | Gs. K 4 | : 0 ; : C 

| Kd | © 4 w | | 7 7 ; 8 — 9 
. 9 - N ; * 
? i , 58 * 
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CHAP. I. f 


A Preliminary Diſcourſe of Navigation and Arithmetick. 


n 


the Beauty and Bulwark ot Exgland, the Wall and Wealth _ 
of Britain, and the Bridge that joins it to the Univerſe, 


JJGVGVVFCC - W008 two general Parts. ff 
_ Firſt, That which may be called the Domeſtick, or more common Na- 


Z "our i 


| Secondly, That which may more properly bear the Name, and princi- | 


To the commendable Accompliſhment of which Knowledge, theſe 


I Arithmetick, ho 
Vi. ( Gromeny, 3 
GET PEAS ry ad”. SE TS . | 
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Of the firſt of which (namely Aritbmetick) I ſhalt give you a brief 
& Specimen, EO IM tx ing 3 ed | 
b  Arithmetick is the Art of Numbering, from the Greek Work Arithmos, 

| which ſignifies Number; and in it there are five eſpecial Parts, viz. Nu- 


q as a Addition, Subtraction, Muitiplication, and Diviſion, Of which 

mm order, r Tl wp 

AN TUnteration teaches how to ſet down any Number ſpoken or propo- 
ſed; and to read it truly when Written. 


| 5 To which purpoſe you are to obſerve, That Numbers are commonly 
expreſſed by theſe Nine Figure. 5 bs 


— 


"ER DER: LOT Se nas . WE I 

One, Two, Three, Four, Five, Six, Seven, Eight, Nine, 

| Ando which is called a Cypher (and by ſome a Nought) becauſe of 

tit ſelf it ſignifies nothing, yet increaſes the Value of other Figures that 

E | ſtand behind it; for every Figure àugments its proper Value according to 

the place it happens in, except the firſt : and are reckoned from the right 

E 3 unto the leſt (and the Nn is, becauſe this Art of Numbring was 

Frſt taught by the Oriental Nations, whoſe Languages are read that way) 

Jo that the F igure that ſtands fartheſt to the right- hand, is ſaid to be in 

the firſt Place, the next to that to be in the ſecond Place, and ſo ofthe reſt. 

Any of the nine Figures in the firſt Place fignifies only its ſingle Value; 

in the ſecond Place, as many Tens as its own fimple Value; and the third 

place, ſo many Hundreds; ini the fourth Place, ſo many Thouſands; in 

| the fitth Place, ſo many ten Thouſands; in the ſixth Place, ſo many. © 

Hundred Thouſands; and in the ſeventh place, ſo many Millions ; as 

ey appt in this following -tablk e 

Inis 5 OO WO Ke:Qo 
Tens N 

Hundreds , e 
e A 
Ten Thouſands. © 0 OI. 
Hundred Thouſands * © © © 
Mil oo ooAog ER 

Ten Millions e 

. t 

| 'The laſt line of this Table is thus read, 


be read this way, 


To 


One hundred twenty three 
Millious, four Hundred fifty ſin thouſand, ſc even bund rea eighty. er 


of Addi. en,, 4 
81 5 7. m. of ADDITION. . 3 
Dition is the putting together of two or more Numbers into one 
Sum, ſo that the total Value of them all may be diſcovered. 
Example 1. In Whole Numbers, 
N there were a Squadron of Men of War of five Ships, I demand 


(esch dg to the quantity of Men in each Ship) how many Men there | 
is in the whole Squaceen E 


Aboard of the biggeſt wigs there are — — — 50 
board another,  — —— .k(—d?äͥ . — — 4% 
Aboard another, — — — — — —— — 362 
Aboard another, ao ꝛͤ ᷣ . —— —— 2978 
Aboard the laſt, —_ — — — — 110 
There are in the Si —— — — 1700 


To add theſe together, begin at the firſt row on the Ri Licht hand, and 
ſay 8 and 2 is 10, ſet down o under the * then I carry the 1 (which 7 
 ftands for 10) to the next Row, and ay 1 and 1 is* 2, and 7 is 9, and 
6 is 15, and 5 is 20, then ſet down o under the ſecond Row, and carry 
the 2, which is 20, to the next Row; and ſay 2 and 1 is 3, and 2 is 5, 
and 3 is 8, and 4 is 12, and 51s 17; which 17 ſet down. under the third 
Row, and the Sum is 1700, the Number of Men in the whole n 
Example 2. Of Pounds, Shillings, Pence. 


Nor if you would know how much Money all the Captains Pay 
comes to for one Month. 


Suppoſe that the Captain of the gents Sp hath 7 21 Je FA = 
A. Month - — ſ—— — 0000 
© he Captain of the other, = — — —— — 8 —10—00 

The Apen of the other. x.. — —07—10— 0 
Ihe Captain of the other - — — - 00 
The n of the laſt 


N - 


— 


— = — 05—00— 00 


— 


2 — 


<2 . 10 00 
The Queſtion i is, How 308 Many it amounts to . 4. . 


To effect which you muſt begin at the Row of Pri, and ſeeing there 5 
is no Pence in the whole Row, you muſt ſet down oo under the ow AF TR 
_ Pence. | Then Proceed to the Row of Shillings, and add up the Shillings Ts 
in that Row, which amounts to 3o Shillings, f 
under the Row of Shillings, and carry the 20 Shillings, or 1 Pound, te 

the Row of Pounds, and ſay 1 and 5 is 6, and 6 is 12, and 7 is 19, "and 
8 is 27, and 10 is 37, which 37 ſet down under the Row of Pounds ö 
and the whole Sum amounts to Thirty ſeven Pounds, Ten Shillings, the 
Sum of all the — Pay for one Month. * 2 SECT. 


t down the 10 Shillings _ : 


/ Subtraftion. . 5 
„ S888. IV. Of SUBTR ACTION. ne 


„ el (commonly called Sulſtraction) is a Rule that teaches how 
to take any leſſer Number out of a greater, ſo as to know how 
much remains. | e ARR; WY 5 
1. Set down your greater Number, and under that your ſmaller, Units 
under Units, Tens under Tens, Cc. and in Money each Denomination 
anſwi ring to its kind, as Pence under Pence, and Shillings under Shillings, 
and Pounds under Pounds. NSN DE oe e 


2. Draw a Line under them, and begin at the Right-hand, and take 
| the letſer Number out of the greater, and ſet down what remains under 
3. If any Figure of the ſmaller Number happen to be bigger than that 


over it, then you muſt borrow a Unit from the next Place, or higher De- 


” nomination, to be added to the lefler Figure, ſubtracting from that Sum, 
and ſubſcribe the Remainder 3 which Unit muſt be added to the next 
Place, or Denomination to be ſubtracted; as will appear in the Example 
| following. N FFV 4 
C J T ĩ ns CT” AN 
| Suppoſe I borrow ——— —— —— —- — 296—15—06 

And I paid at ſeveral Times ——— -——- -—— — 125—17— 04 
| There remains. due. —-120—18—02 

Tie Work is thus performed: Begin with the Row of Pence, and ſay, 
4 from 6 and there remains 2 ; then go to the Row of Shillings, and ſay 


A 17 from 15 1 cannot take, then you muſt borrow 20 Shillings from thes 


| Row of Pounds; and ſay 17 from 35, and there remains 18, which 18 
ſet under the Row of Shillings : Then proceed to the Row of Pounds, 
and ſay I that I borrowed and 5 is 6, 6 from 6 there remains o, which 


| ſet under the firſt Row of Pounds; and proceed to the next, and ſay, 
2 from 9 and there remains 7, which 7 ſet under the ſecond Row, and 


proceed to the third Row, and ſay 1 from 2 and there remains 1; then 
is the Queſtion finiſhed, and there remains 170. 185. 2d. nnpaid. 
And the Queſtion ſtands thus, FE. er ono ef of 


Nov to prove whether the Queſtion is trly  _ .296—15—06_ 


© wrought, add the Remainder and the low: 125—17—0 8 


er Number together; and if the Total of 
that Addition be the ſame with the upper 


. | | 170—18 —02 
X . | 5 29615 06 
Number then is the Work right. =— 1 


SECT 


8 / Multiplicat ia 


S ECT. V. Of MULTIPLICATION. : 


I. 


given, as often as there are Units in the leſſer, and ſerves in- 
ſtead of many Additions. | 
2. In Multiplication there are three Parts, » 
1. The Multiplicand, or Number to be Multiplied. 
2. The Multiplier, or Number by which it is Multiplicd, 
3. The Product made by the Multiplication. . — 
e b 792 Multiplicand  } 
Example. —_32 Multiplier. 
Before you can make any Progreſs in this Rule 2375 
you muſt perfectly get the following Table _ 25344 Product 


by Heart. r 
e Multiplication Table. 


Eee 
nne 
2e [12 [14 [16 |18 | 
C 
ETA ELIE 20 Te 13 0 0 
13! [10 ]13_ 20 j25_ [30 [35 hho 145} 
AS [61 6]12 11824 [20 [36 42 a8 [54 | 
— [217 114 21 28 [35 [42 [49 [56 63 
|| 8 16 24 [32 [40 [48 5 
19 18 2236 45 4. 
Tr,ye Uſe of the foregoing Table. 


they have 23 Shillings per Month; How much Money will pay them 


A Utiplication teaches how to increaſe the greater of two Numbers 


Do 13 


a a 9 " a N 
K * ' ROY by '. y 4 . *. 
. * ** d ' * I y > 
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Set your Numbers thus, the * Number uppermoſt 
SE 2 1700 Multiphcand, —+ 1 55 

2 N 1 8 A, * 1 * 23 Multiplier. 
T * 1 . 71 


3 ? 3 * 4 © * 


RD billings; the Anſwer of the Queſtion. 


© The Numbers being placed, as is betore directed, begin thus, and fay, 
times o is o, ſet that under the 3, and proceed tv the next Figure in 
the Multiplicand, and ſay again 3 times © is o; then ſet that o under 
thę 2, dd procel to the next, and ſay 3 times 7 is 21; ſet down 1 
under the 7, and bear 2 in mind; and proceed to the next Figure in the 
MNliultiplicand, and ſay, 3 times 1 is 3, and 2 that I carry is 5, ſet that 
| down under the 1; then have you done with the firſt Product. Then go 
to the next Figure in the Multiplier, and proceed as you did before, and 
the ſecond Product will be 3400 which mult be ſet down under the other, 
only with this Caution, to move it one place more to the left Hand, as 
© you may ſec in the Work; then add thoſe two Numbers together, and 
the Product will be 39100, which gre. Shillings, the whole Sum of Wa- 
—_ 10 Men fer is Me y i: 
=_— C © LOI n 
In 235 Degrees, how many Minute? 60 
Maultiply the Degrees by 60, the — — 
Number of Minutes in one Degree. * 14100 Minutes 
Mee, For a Contraction in this Rule, if any Number is given to be 
multiplicd, by 10, 100, or 1000, it is but adding ſo many Cyphers to the 
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Number given, and that will be the Product. As thuGs 
If 232 be multiplied by 10, it will produce 2320; by 100, 23200; 
bs d Rong 
Or, if any Number be given to be multiplied by 20, 30, 600, 5000, Oc. 

N E by the Figures, and add as many Cyphers to your Product 
on the Right-hand as there is in the Multiplier, the Sum is the Product. 
Tbus 257 multiplied by 700, the Product is 179900, GG. 
„ rere ,, i 7 


i Iviſſon teacheth to find how many times'a leſſer Number is contain- 

ed in a greater, and ſheweth what remains, lopplying the ule. of 
many Subtractions, it conſiſts of three Parts, Dividend, Divifor and 
Quotient. The Dividend is the Number to be divided. The Diviſor is 
the Number to divide by, which is always leſſer than the Dividend: 
The Quotient is the Sum produced, by ſhewing how many times the 
EDiviſor is contained in the Dividend: And if any thing happen to remain, 
e e Example 1. 


= . 


If js called the Remainder. | 


; 


e 7 01 Di on. by 
| | | . Example Fo 5 ee 
To divide 250 by 4 how much is the Quotient? 
Firſt, Set down His Dividend 250, at each end 


of hich: make a Scratch, as Per ee i in the Mar- 


in. Then on the Left-hand ſet the Diviſor 4 (the —5 72 
Scratch on the Right hand being forthe Qotientꝰ)ſ)h 8 
then (becauſe I cannot have the Divi 4 in the — 


firſt Figure of the Dividend 2) ſay how oft 4 in 2 4 
2.5, which becauſe there is 6 times, ſet 6 in the Quotient, and ſay 6 3 
times 4 is 24, which ſet down under the 25 in the Dividend, and by 

the common Rules of Subtraction take 24 ſrom 2.5, there reſts 1, "hich 
ſet down under the S and to that 1 bring down the o in the Dividend 

it makes 10, then ſay how oft 4 in 10, which becauſe I can have 2 
times, 1 ſet 2 in the Quotient, and (as before) ſay 2 times 4 is 8, 
' which ſet under the 10, and ſubtracted from it the laſt Remainder 1s 2, ſo | 
that 250 bein divided by 4, the Quotient is 62 and 2 remaining, E9c. 


Examp. 2. ſe 4684 Pounds be to be divided among ; 54 Men, 
How much is 25 Man's Share? e 


 $4)464(86 
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ag 20 The Shillings i in one Pound. The 
54)80o(1 14 9 8 
. | 


1 BT he Pence in one Shilling, 


„ — Fence 5 15 5 


8 . 
e 4 Farthings in one Penny, TY 
„ SOT JG Farthings wy 


* 5% Or 5 of one Farthing. 
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Having diſpoſed of your Numbers as directed, Example 1. they will 
ſtand as you ſee them; becauſe I cannot have 54 (the Diviſer) in 46 
= (the two firit Figures of the Dividend) I ſay how often 54 in 468, or (for 
= the more Eaſe in working) how oft 5 in 46, which though 1 can have 
9 times and 1 remaining, yet becaule I toreſce that I cannot have times 
4. in 16, I take but 8 time, which I fer n the Quotient; then tay 8 
time 4 is 32, ſer down 2, under the 8 in the Dividend, and carry 3, then 
lay 8 times 5 is 40 and 3 is 42, which ſer down beſides the 2, 2s you 


* 


— 


Tee, then ſay rom 8 chere relts 6, which {ct down under 2, and ben 
3 from 6 there reſts 3; then to the 36 ſo found, bring down 4 the laſt 
Figure in the Dividend, and begin a Second Operation, ſaying how oft 5 
in 36, which you can have 6 times, {er 6 in the Quotient, and fay 6 times 
4 is 24, ſet down 4 and carry 2, and 6 times 5 is 30, and 2 carry is 32, 

then 4 from 4 there reſts o, and 2 from 6 there reſts 4, and thus you have 
40 remaining at laſt, fo that each Man's ſhare, is 86 Pounds and 40 re- 
maining: Now to know the Value of this 4o that remains (which in 
Fractions is #5 of a Pound) mul. iply 40 by 20 (the Shillings in a Pound) 
* the Product is $00, which divided by 54 (the former Diviſor) the Quo- 
tient is 14 Shillings and 44 remains; then Multiply 44 by 12, the Pence 
in one Shilling, the Product 528 divided by 54, the Quotient is 3 pence 
and 42 remains, which 42 being multiplied by 4, the Farthings in one 
penny, and the Prodnet 168 divided by 54 the Quotient is 3 Parthings 


and 6 remains, which is only +5 of a Fartiing. 
1 Note, In finding the Value of any Fraction or Remainder in Diviſion, 
EF you always multiply the Remainder by ſuch a Number as the next leſs. 
F Denomination is contained in the Greater (as in this Example) the firſt - 
| Remainder is 40, which becauſe the firſt Operation is Pounds and I de- 
* fire to know the Value of thar Fraction in Shillings, you multiply by 20 
the Shilings in one Pound, Cc. and always divide the Product by the 
firſt Diviſor which here is 54, as you ſee abe. 
If your Queition had been in Handreds, Quarters and Pounds, you 
- muſt have multiplied your firſt Remainder by 4, the Quarters in one 
Hundred, and your next by 28 the Pounds in one Quarter, and ſo in any 
other Denomination. MEE pa ab bet I 
Thus, it 4684 Pounds be divided amongſt 54 Men, each Man's 
- - ſhare appears to be 867145, 86 39 nt: De 
Note, That the beſt Proof of Diviſion is by Multiplication, thus; mul. 
tiply the Quotient by the Diviſor, and add the Remainder (if any be) 
ard if the Product be the ſame with the Dividend, then is the Work 
righr, otherwiſe there is ſome miſtake, {© => 3 
ee eee 5 le 


_ - 


| both theſe and all ſuch like Queſtions, muſt be wrought by the Rule of 
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SECT. . VI. 07 he Rule 1. THRE FE, _ by 
"HE Rule of Three, for its excellent Uſe is called the Golden Rule, 
which teaches from three Numbers given, to find a fourth in Pro- 1 

portion thereunto, which is done by multiplying the ſecond and third 
Numbers together, and dividing the Product by the firſt, and the Ce 
tient of the ſaid Diviſion is the Anſwer of the Queſtion. TIED 

As if 25 Tuns of Wine coſt 800/. What ſhali-35 coſt ? „ 

Here Note, That the firſt Number and the third muſt always be of the 
ſame Denomination. As if one be Pounds, Pence, Yards, Tuns, Hours, 
Men, &c, ſo teſpectively mult the other be: And the like is to be under. 
ſtood by the ſecond and fourrh, as in the dilowing Numbers, which 
are thus "diſpored, 5 Tun, „ PR ; on = 

25 — — —8$00 

This Rule is performed (after an apt diſpoſal of the Ter) by Mul. 
tiplication and Diviſion. But note, that this Rule hath two Varieties, 
vi, Dire and Reverſe. Now for the Proper diſpoſing the Terras in 
any Queſtion propounded, it is neceſſary, to give a General Rule to know 
whether the Queſtion muſt be wrought by the dire& Rule, or the Re- 
' verſe; which is this: When in the Queſtion more requires more, or leſs 
requires leſs: As in this Queſtion. 
if 25 Tuns of Wine coſt $00/. What will 35 Tuns coſt ? flere i it is 
colon that the third Term is more than the firſt, and therefore — 
more So in this Quèſtion. 
If 750 . gives 451. Intereſt for a Year, what ſhall gol. give? Here tis 
plain that 501. is leſs than 750l. and requires leſs Intereſt, Therefore 


Three Direct, wherein the Rule is plainly thus: Multiply the ſecond 
Number by che third, and divide by the firſt, the Quotient ſhall be the 
fourth Number ſought. As in the fiſt of theſe Examples, multiply 800 
by 35, and the Product is 28000: which being divided by 25, the Quo: 
tient is 1120ʃ. which ſhews that 35 Tuns will colt 11204. 
. 1 Ons 8 
Tuns J. Tuns, . 
bg mans 09 — —35 Anſw. 1120 
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2400 
1 | 
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And ſo in the ſecond Example: Multiply 50 by 45, it makes 2250, 
which divided by 750, the Quotient is 33 which ſhews that the Intereſt 


of 50⁴ for a Tear is 31. f The Operation. 
. ET . 
W 0 
1 
77%; 22 35ſ0 (31 


The Rule of T hree 1 22 is to be uſed when the third Number 
more re quites leſs, or leſs requites more; and then the Rule is thus: 

Multiply the firſt Number by the ſecond, and Divide the Produ& by 
the third, the ey ſhall be the fourth Number ſought, which al- 
ways (as in the Direct Rule) ſhall be of the ſame Dnomination with 
the ſecond Number. For Inſtance: 
If 24 Pioneers require 16 Month to dig a Retrenchment about a 
Town, How many Pioneers muſt there be employed to dig the like 
Trench in 4 Months? 
5 ſtating this Queſtion yot1 muſt note, That 24, tho? it be the fitſt 
named, is not to be the firſt Number in the Work, becauſe the middle 
Term muſt always be of the ſame Denomination with that which is 
ſought. And the three Numbers pur in order ſtand thus, 
"we" Pioneers Months. 

— — 2 * — —PÜ2—ĩ— 

+ Here” tis plain Jeſs requires more, that is, leſs Time more Hands : 
Therefore it muſt be wrought by the Rule of Three Reverſe, and ac- 
cordingly you may multiply 24 by 16, and Divide the Product by 4; 
the Quotient is 96, as doth appear by the Work : which is, that 96. 
: Pioneers muſt be employed to finiſh the Trench in 4 Months. 


The Operation 


. Months 5 Es Pioneers 8 Months 
2 16 B 
nl, = 


22 96 Pioneers. ; 


—_— 


= 2s 3 


07 the Rule of Three. 3 8 
SEcr. VIII. 15 


Some Queſtion anſwered, and the Pay of Working them directed, ſerving 
1b illuſtrate the foregoing Rule. 
in ADDITION. 
Queſt. An antient Lady being demanded how old ſhe was: To avoid 
2 ditect Anſwer, ſaid thus, I have 9 Children, and there were three Tears 
between. the birth of every one of them, My eldeſt was born when I 
was 19 Years old, which is now exact the Age of my Toungeſt, how 
old now, is the Lady : 
Anſu. It is ee by Addition thus: Firſt ſet down her Age when 
her firſt Child was born, which was 19, then the difference between that 
and the Birth of her Youngeſt which is 24, and then the Age of the 
Youngeſt 19; which being added together, ſhews the Lady to 8 
Years of Ape: 3 
e 19 Her Age. | 
24 Difference between the * 
52 Age of her Youngeſt. 
ady's Age. 
In 6 | 
Queſt. In the Lear of our Lord 1588, was the Spaniſh Invaſion; In 
| the Year 1715, I demand how low it is ſince? 
Anſu. Subtra& 1588 out of 1715, there remains 137, che Time ſince, | 


to the Year I715. 
5 02 The MULTIPLICATION. 
Oueſt. How many Statute Mules, are.there in the Circumſerence of the 


Body of the Earth, whoſe Circuit is 360 degrees, and each degree con- 1 


tains (according to Vulgar Computation) 60 Miles. 5 

Anſw. Multiply 360, by 60, (the Miles contained in one degree) 8 

and the Product 1 is 21600 Statute Miles. 8 
5 The Operation 
1 36 
21600 


Ts DIVISION. TY 
vs Oueſt. If the Circuit of the Terreſtrial Globe is 21600 Miles. Ra 
Suppoſe a Man travel continually in a direct Line (under one of the 

Greater Circles of the Sphere) 15 Miles $ Day. In how many Dayͤs 
can he compaſs it? C 2 Auf. 


12 07 15 Rule of Three. 


Anſw. Divide 21600 by 15, your Quotient will! be 1440, which 
 ſhews that in ſo many days he may effect it, that is, in ſomewhat leſs 


than 4 Years. 
The Operation, 


: ee 


2 I 1 gal, 77 hee, F 
Oueſt A Man lent me 400 J for 7 Months, without Intereſts How 
much muſt I lend for 12 Months to retaliate his Kindneſs? | 
Anw. This muſt be ſolved by the Reverſe Rule of Three, and muſt. 


be thus ſtated. 


1 By Mouth 
— — 40 — 12 
Where tis s plain that more requires leſs; that is, tho' the third Num- 

ber be more than the firſt, yetfit requires a leſſer Number to anſwer unto 
it than the ſecond: Therefore you muſt multiply 400 by 7, and it makes 
2800, which I divide by 12 (the third Number) the Quotient is 233 /. 
and 41. remaining, the 12th part of which is 6s. 8d. So the Anſwer to 
the Queſtion is, That I muſt lend him 2 330. 65. 8d. for 12 Months: | 
5 — Operation. EE 
Months TI. RS. Months 


* N 


— 12 


12 ew 
EY | The 8 1 26 5 
5 | . 40 £55 
Dd 
12 fo mn Which 1 multiplied by 3% 


the Shillings in one Pound, and it is 80 Shil- 
lings, which being divided by 12, ptoducetn 


: . 6s. and 8 remaining, which i is 13 ofa Shil- 
E H A * 


— — —— x 
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— ling, or 8 Pence. 
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one to , the one touching the other, 


gs BA and BC. 


ruſe, 55 
the Angie DEB. 
; Angle, as AEB. 
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Sgr. J. Geometr ical Definitions. 


Point is that which cannot be divided, having neither Part nor 


Quantity, and therefore void of Length, A. e 
Breadth or Depth; and is repreſented in the Os 1 
Margin, by the Letter A. | —— —— ( D— I 


A Line is Length, without Breadth or 
Thickneſs, and is Right, as A; 5 
Or Curved, as 3 5 E 


An Augle is the Toctination of th two Lines 


yet not ſo as to make one Line; as the Lines BR 


A Right-lined Angle, is that which i is con- 


tained by Right-lines, as the Angle ABC. 


A Right Angle, is either Right-angle or Oblique. 
ARI bt lined Angled i is when a Right Ling, 


ſanding upon a Right Line, makes the / as 3 3 


gles on each ſide equal to each other; as 


Rigbe Angles ACD and go the 


An Oblique Angle, i is either Acute e or Ob- A : 


An Acute Angle is if than a Right, 11 


An Obtuſe A gle i is greater than a Right- | 


A Phain Figure is contained un _ 
Te erm, or many, der one 


cmi ſundr) of: fal Definitions and Problems of GEOMETRY. 855 


14 85 "Geometrical Definitions: 


A Circle i is a Plain Figure contained under 
one Term or Line called the Circumference, 
unto which all Lines drawn from a certain 
Point within the Figure are equal; and that 
Point is called the Center, as A, 
j A Rightlined Figure is contained by Rig ht- 
lines, and is either three-ſided, us Fre 2.07 
many ſided, 
A Triangle is à three. ſided Figure, and is 
conſidered eirher in — ot its Sides, or 
An les. 
n reſpe& of its Sides * tis eſther, 
Equilateral, having three equal Sides: 28 A. 


93 Equicrural, having two equal * _ 
as B, 


D. Scalenum, having three unequal | Sides; 


1 reſpect of its 1 tis niches. IE 
* Angled, which hath a Right-angle; „ 
28 


Or n, Which hath no » Right- 
angle, but hath two Acute Angles, and one 
Obtuſe Angle; 28 C. 


Or three Acute Angles; as G. 


5 never meet, as A and B, 


Geometrical Problems. 
E Jour-fided Figures. 


A Square is that which hath four equal 
Sides, and four Right- angles; as A. 


An Obloug hath four Right- tes 
and the oppolite Sides equal ; as B. 


A Rhombus bath four equal Sides, but 
is pot Right-angled ; as C. 


A Rhomboides hath the oppoſ te Sides 
and Angles equal, but is neither equal- 
ſided nor W as D. 


Al other four ſided Figures are cal- 
led Trapezia „ aS E. 


Parallel, or equi- diſtant Rigkt ls VT 
are ſuch, which being in the ſame Sus A 
: perficies, if iafinitely produced, would — ͤ — — 


| 8 E r. I. Geometrical Problems. i 


Prob. 4 hw to raiſe a Perpendicular on the mild of a given Line, 
E T the given Line be AB, and C bea E 
Point therein, whereon it is required to 4 
5h 2 Perpendicular. Firſt, open the Com- 
paſles to any convenient diſtance, and ſetting 
one foot in the Point C, with the other ſer oft 
on either fide thereof the equal diſtances,CA 
andCB: Then opening the Compaſſes to any , = 
convenient (wider) diſtance, ſetting one foot A f 3 
in che Point * with the other ſtrike the occult Arch at , chen with the 


ſame 


* * W _ we 
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TTT ATC 
ſame diſtance, ſet one foot in the Point B, and with the other ſttike the 


FxchF, croſſing E in the Point D, from whence draw the Line DC, which 


Lioe is Perpendicular unto the given AB, as was required, 
Prob. 2. To let fall a Perpendicular from a Point aſſigned, to the middle of 
x a given Line, 3 W 
Let BCD be the given Line, and A the 
point Aſſigned, from whence you would have 
a Perpendicular let fall: Firſt, ſet one foot 
of your Compaſles in the Point A, and open- 
£ ing them ro any convenient diſtance, deſcribe 
[an Arch of a Circle that may cut the Line 
| . BCDat£E and F; then find the middle be- 
K [F. tween theſe, which wil be the Point C, trom 
WS, O — 5 which point draw the Line AC, which is the 

% ORE); Perpendicular, Line required. 
Prob. 3. To raiſe a Perpendicular upon the End of a Line given. 
. po Let the given Line be AB; firſt, open 
your Compaſles toa convenient diſtance, 
and ſet one Foot in the Point , and let 
3 the other point fall any where above the 
D | Lineas at the Point D; and in that point 
I ler one foot of your Compaſſes remain, 


anat. „nn 


. tui theother about, nil it cor the 
ART 5 3 Line AB in che Point E; then turn the 
foot of the Compaſſes towards C, and draw an occult Arch, and lay the 
edge of a Ruler to thoſe Pointe, E and D; and where the ſame edge ot 
the Ruler doth cut the Arch C, from that Point draw the Line CB, which 
| ſhall be a Perpendicular at the end of the Line AB, as was required. 
Prob. 4. To ler fall a Perpendicular from a Point Aſſigned unto the End 
3 a given Line. EO 5 5 


D. A Let the Line AB be given, unto which it is re- 
/ 6 6 quired to let fall a Perpeudicular from the Point 
„ D, to the End A. Ficſt, from the point D draw 
3 + a Line unto any Part of the given Line AB, which 
+ | *%p,, may be the Line DCE; find the Middle of the 

——=— —  —-B Line, which is at C, place one foot of your Com- 


. 
> 


paſſes in that point, and extend the other unto D or E, with which Diſt 
| ance deſcribe the Simi-circle DAE, which ſhall cut the given Line AB 
in the point A,andDCEin D, from which Pointdraw the Line DA, which 

is the Perpendicular, on the End of the given Line AB, as was ä 


FOE. , _— qe = 


Geometrical Problems 


155 Prob. 5. To draw a Line Parallel to a Line given. 
Let AB be a given Line, whereunto _ + 
it is required to draw a Parallel. Firſt, G ' 
ſet one foot of your Compaſles in the 


Point C, and opening the other at Plea- Eo dd 1 5 
ſure, deſcribe the Arch E; then with A C - "ug 5 


the ſame Diſtance ſet one foot in the Point D, deſcribe the other Arch F; 
Laſtly, lay a Ruler to the Convexities of both thoſe Arches, and draw 
the Line GH which ſhall be a Parallel to AB, as was required. 


Prob- 6. How to make an Angle equal to an Angle given, 
Let ABC be the given Angle, draw the Line DE, and upon B, as a 
Center, deſcribe the Arch GH, between the Sides BA and BC, and upon 
the Point D, with the ſame Extent deſcribe the Arch KL, and place 


the Extent GH from K to L, then through the Point L, draw DF: So 
18 the Angle EDF equal to ABC, which was require d R 


Prob. 7. To divide a given Line, into two Equal Parts, proper ly called 


CO, v0 05 Biſſefting a Line. 
Let the given Line be AB, open 
your Compaſſes to any convenient 08 


extent more than half the Line, and Ex 
- with one foot in A deſcribe the Arch Ny 

C and D, then with the ſame extent 
and one foot in B, croſs the aforeſaid 4 
Arebes in C and D, a Ruler laid 
from the croſſing at C. Ito that at D, 
cuts A; in E, the middle of the line 


2 Prob. 


3 Geometrical Problems. 


Prob. 8. Ty bring three Points (not ſituate in a Right Line) into the 
| Tirenmference of a Circle. OS 

Suppoſe it be required to draw a Circle thro' 
the Points a bc; Firſt, with any Extent of 

_£— the Compaſles, and more than half a b, and one 
5 h foot in a, draw the occult Arches g and h, and 
N J with the ſame Extent and one foot in b, croſs 
the aforeſaid Arches in g and h; then with any 
Extent more than half be, and one foot in b, 
. XN draw the Arches d and e, and with the ſame 
Extent and one foot in c, croſs the ſaid Arches in d and e, then thro' the 
points d and e draw the Line de o; alſo through hand g, draw the Line 
h g o, where'theſe Lines crofs each;otheras at o, is the Center required, 
then with the Extent oa draw a Circle, it ſhall paſs through the three 


given points, 

Prob. 9. With a given Live AB to make auy given Angle. Suppoſe 
1 5 VVV 5 
With the Chord of 60 Degrees, and one 
foot in A draw the Arch c d, upon which ſet 
off the chord of the given Angle 36 from c to 
d, and through d draw the Line A d, which 
ſhall make an Angle at A of 36 Degrees, with | 

the Line AB as was required. e 


Prob. 10. With three gi ven Sides to make a Triangle. 


1 Suppoſe the given Sides be a b and c with 
b— — them to conſtitute the Triangle ABC. 


Take the longeſt Side c in your Com- 


2 


pr 


: | the Length of the Side b in your Com- 
1 paſſes, and one foot in B ſweep the 
„„ e ſmall Arch at c, and with the length 
of the Side a in your Compaſſes and one foot in A croſs the aforeſaid 
Alrck at c, then draw the Lines A c and B C, fo have you the Triangle 
required. 3 3 3 By 


paſſes, and ſet from 4 to B, then with 


+ Outs 
e 
. 


1 the Hypothenuſe A C be given. Firſt, (as in all Cafes, 1 
= draw the Line AB, and by Prob. 9. make the given 
= Angle at A, and from a Scale of equal parts ſer off the | 


= will make evident. 


. 
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By theſe Problems you may project any Plain Triangle, or lay down 
any Queſtion in Plain or Mercator's, Sailing, as ſup- g 
poſe in the Triangle ABC the Angle at A, and 


given Hypothenuſe from A to C, and let fall the Perpen- | 
dicular CB to cut AB in B, ſo is your Triangle fini- 
Likewiſe, if the Side AB had been given. (which 


it in a Queſtion of Navigation had been the Differ-& ö 
ence of Latitude) you mult make the Angle as before, and ſet off the 


Side AB from A to B, and at B erect a perpendicular to cut AC in C, 
and 'tis done; and this with a little Application is ſufficient for project- 
ing all Caſes in plain Trigonometry and Navigation, as a little Practice 


— EE — + ED — a 
5 CH A P. III. FT 
Treateth of the Doctrine of Plain or Right-lined Triangles. 


SEC r. I. Containing ſome Things neceſſary to be underſtood rela- 


ring io the Science of PLAIN TRIGONOMETRY. 


EE Doctrine of Triangles is converſent in the Menſuration of 


Triangles, Plain or Spherical, comparing the Sides and Angles to- 


gether, according to known Analogies, whereby three things being gi- 
ven, either Sides, Angles, or both, a fourth fide or Angle may be found. 

But Becaule the Avgles, of both Plain and Spherical Triangles are 
meaſured by Arches of Circles, and the Sides likewiſe of Spherical Tri- 
angles are themſelves Arches of great Circles, therefore theſe Arches 
are in a manner reduced into Right=lines applied thereunts 
The Right Lines applied to Circles, are Chords, Sines, 7 


8 angents, and 
A Chord is a Right. line drawn in a Circle, from one part of the Cir- 
cumfetence to the other, as in the annexed Figure. 85 


= 3% EE 


Plain Trigonamety. | 
. HK is the Chord of the Arches 
'T HEK. and HDK; alſo {DE the 
| diameter, is the Chord of the Se- 
mi-Circles DAE and DBE. 

The right Sine of an Arch is 
half the Chord of twice that Arch, 
IE 32S HG being half the Chord : 
H, is the 1 Sine of the Arch | 
HE; alſo of the Arch HAD, the | 
Arch HE being the half of EK, 4 
and the Arch HAD being - 2 


the Arch HD K. The Sine 
Complement of the Arch HE'i ; 
Hl, equal to CG. 


| The Verſed Sine of an Arch, is that part of the Diameter which lies 
between the right Sine of that Arch and the Circumference, ſo that GE | 


is the Verſed Sine of the Arch HE, and GD the Verſed Sine of the | 


Arch HAD. 

The Tangent of an Arch, is is a Rightwine touching the Arch, pelng per- 
= pendicular to the Radius drawn to the Point of Contact, and concurring 
with a line drawn from the Center, through the term or end of that 

Arch ſo EF is a Tangent of the Arch EH, my 

A Secant is that Right-line drawn from the Center of the Arch, until 
it meet with the Tangent; ſo CF is a Secant of the Arch Ell. 

It is to be underſtood thatevery Circle is divided into 360 equal Parts? 
called Degrees: every Degree into 60 Parts, called Minutes; ard every 
: Minute into 60 parts, called Seconds, Fc. ; 
The Compiement of an Arch or Angle, is commonly the Com ple 
ment thereof, to (or that which makes it up) 90 degrees. But if it be 
meant the Complement thereof to a Semi circle, It is exprelled by ſay⸗ 
ing; the Complement to 180 deg. 
A plain Tria "ge is contained under three Right lines, and is either 
Right angled or Qblique. 5 
In all Plain Triangles, two Angles being given, the third is alſo given; | 
And one Angle being given, the Sum of the other two is alſo given ; be- | 
cauſe the three Angles together are equal to two right Angle. 
Therefore in a Plain Right Angled Triangle, one of the accute Angles 5 
1s the Complement of the other, to go deg 7 
In the Solution of the plain Triangles, the Angles being only given, 
the Sides cannot be found, but only the Ratio of the Sides: It i 18 there- 


fore 2. chat one $ of the Yes be known: As 2 
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Id a Right angled Triangle two things (beſides the Right Angle) will 
ſerve to find the third, ſo one of them be a ſide. 


In Oblique angled Triangles: there mult be three things given 65 
of them being a Side) to find a Fourtb. 


Some Symbols uſed in the Doctrine of Triangles for Breug x $Jaks 
Equal te. 1 Yu 
_ Me 

— Leſs, 
x Multiply by, or draw i OE 
? Over a Number ſtands, for Degrees, as 125 Ggnifiesk 
' Signifies Minutes, as 12 is 12 Minutes. 
cr. a Side. Crs. Sides. 

[An Angle Ls Angles. 

Z The Sum. 

R The Difference. 


S8. Sine. 


Sc. Co-Sine, or Sine Complement. 
Co. Ar. Complement Arithmerical. 
t. 
tc. Co- Tangent, or Tangent Complement. 
2 KR. Ang. two Right Angles 
Q Square. _ 


In 15 angled Plain Triangles, the Sides e the Right 0 


are called the Legs; and the Side ſubtending (or oppoſite to) the 


Rig Angle) is called the Hypothenuſe. 


In the Doctrine of Triangles, three Letters denote an Angle, as BAC ; 
| Genifies the Angle at A; ACB the Angle at C. Two Letters ſhew 2 
_ as ſide Fs AG ---- 

"Im ke Doctrine gf: Triangles, the given sides 
/ or Angles are noted with r _ ( * 


Tos required Sides or Angles mh a Cypher; 
} thus, (o 5 


ks 


—_ Plan . . 
In Right angled Plain Triangles, there are ſeven Caſes, _T in Ob- 
lique Travgles ſix ; for the Solution of which, theſe four Axioms are 


ſufficient. 
AXIOM 1. Of Right-angled TO 
In all Plain Right angled Triangles, any of the Sides may be made 


Radius; and the het Sides will be Sines, Tangents or Secanrs ;and g 


| what Proportion the fide put for Radius, hath to Radius, the ſame Pro- 


portion hath the Sides, to the Sines, Tangents, and Secants by 


them repreſent. 
AXIOM 2. Of Oblique Triangles, 


5 In all Plain 7 riangles, the Sides ate in ſuch Proportion one to another 0 
as the Sines of their oppolice Angles. 

AXIOM 3 ; 

In all Plain Triangles, as the Sum of two (les is to their Difference; ; 

ſo is the Tangent ot the half Sum ot their Wo oppoſite Angles, to che 

Tang. of the Difl. of either of them, above or under the half Sum. 5 

„ o. 
Inn all Plain Triangles ; as the Baſe is in Proportion to the Sum of * 
other Sides, ſo is the Difference of theſe Sides, to the Difference of the 


1 — of the Baſe. 


820 X: II. Of Right angled Plain Triangles. 


7 Caſe J. 
r L "HE uu, and one of the Legs given, to find the other Leg. 
Example. 
bi the Triargle ABC, 
There i is given, 


BAC 337 45 Cs 
AB 90 parts BC required. 


= Z | The Operation by the Lids . 
As 8. ACB 56® T5' Log. —— — 9.4 
To AB 90 Parr a 


200 05: BAG gg” a5 om .. ̃ cg⸗T 
5 11.698981 


| To BC required, 60, I3 parts 7 I, 779135 1 5 


— 9544 


Tue general Rule for working Proportions by the Logavithms. 25 


Add the Logarithms of the ſecond and 5 Numbers rogerher; 
I FOR: from 


e Plain Trigonometry 7 _ 
from that Sum ſubtract the Logarithm of the firſt, and the Remainder is 
the Logarichm ot the fourth Number ſought, as is apparent by the pre- 
cedent Operation. 5 A 
Note; That the Work may be abbreviated in this and the following 
Caſes: When Radius is not put in the Proportion, then take the Com- 
plement Ar.thmetical of the firſt Logarithm; and then adding the Loga- 


rithms of the ſecond and third, and the Complement Arithmetical of the firſt 


into one Sum, from which bating Radius, or an Unite (towards the 


left hand) the Remainder is the Logarithm of the fourth Number. 
5 Th) e Operation by the Comp. Arith. . "Ot. . 
As S. ACB 56 15 Log —— — — — 0080154 
| To AB go parts —— —— _ — 0,44 
So is S. BAC, 33* 45 —— —— ome mms mop. — 9.744739 
To AC required, 60, 13 parts. 11.779135 
The Comp). Arith. of a Log. is the Remainder thereof being ſub- 
BE LE—©ER.H7EENGNS EE L„ᷣ 
So the Compl. Atith. of 8. 599 1 5 Io. ooooooo 
is 0.080154, as here appears; TS 9 919846 
5 3 3 
But a readier way is hinted by Mr. Norwood, thus: By taking the 
Comp. or Reſidue of the firſt Figure towards the left-hand unto 9, and 
ſo of the reſt, until you come to the laſt Figure toward the right-hand 
thereof, ſer down the Reſidue to Io, thus, To take the Compl. Arich, 
of 9.91984. For 9 I write this Refidue unto 9, which is o; for g, o; 
for 1, 8; for 9, o; for 8, 1; for 4 the Compl. to 10, which is 6. 
And ſo 1 have oo 8010, which is the Comp: Arith. of 9.9 1984. 
Ho to work this and the following Caſes by Gunter's Scale, ſhall be 
ſhe won in the Uſe of that Inſtrument. e 
The Angles, and one of the Legs given, to find the Hypothenuſe, 
Ter 8 FFFFFTVFVV - 3» 
In the Triangle ABC 3 
1 is given, 
Acg 58˙ 1; L447 
AB 90 parts FAC m_ 


2 — 


. 


EY”. Ow, A_—_— 
AKA 1 bog  —— -—————r —_— oc 


So is Radius x .. — 0.000000 


..,. No AY ang, TTTT—T—T—T—T—T—T——— 


234 Ge problem, 


In the Operation of this Caſe there is no 'need to take the Compl. 
Arith. becauſe Radius is one of the four Terms in proportion; nor 
of adding the Log. of the ſecond and third together, according to the 
general Rule aforegoing, only ſubtract the former Figures of the firſt 
Log from the ſecond Logs. And in ſubtracting theſlaſt Figure ot th efirſt 
Log add Io to the correſponding Figure of the ſecond Log. viz. 

9 from 11, there remains 2; This Remainder 2.034396 gives the 

= of the fourth Number required. 
Bur if the Comp). Arith. of the Log. of the firſt Term de taken, the 
Labour of Subtraction may be ſaved. | 


\ Caſe So 
The Angles and the Thpubenuſe given, to find either of the Legs 


e Example. 
In the Triangle ABC, 
There is given, 


| ACB!l56* 15 
Y B AC 108 pk 4 required, ; 
: "T0 — 


— 1 — 1000000 


As Radius. — 
To AC 108 parts x ——— — — — 2.033423 FD 
JJ aroma y! 


To AB required 89 x5 parts — —— — —— 41.953269 


In this Operation, the ſecond and third "of being added together, | 
- the firſt, being Radius, is eaſily ſubtracted by cutting 25 the laſt igure £2 


f towards the ef hand, as is evident in the Example. 
„ 
The Legs given to find an Angle. 
Example. g 
In the Triangle ABC, 
there is given, 


. B * PA required | "£8 


5 E Operation. So. | 
As AB, 90 — — — — — 1954245 > 
To o t. BAC as 22” 41 — — — — 9.823 525 


* 


3 foregoing. : 735 OT Caſe 


This Operation 18 nn. as the Example i in the ſecond Caſe be- 
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| | Caſe V 
The dvdttmaſ and one of the Legs given, to find the Angles, 
Example. 
In the Triangle ABC 
"There i is given, 
1 ah * required. 
The Opera tion. | 
As AC 26h = —_ —— —— 033422 
To Radiu ? ⁊vé—;?c4 — nn — 10.0000 
So is AB 90 (—'ͤ — —„—-—ẽñ.—— 7 954242 
To Sine ACB required, 56 26'— ——— wn — 9.920819 
This i is performed as the 83 Operation i in the found Caſe 


Cafe VI. iO 
The Legs given to find the Hypothenule. N 
In the Triangle ABC, 


There is given, 
70 on FAC required | 


This Caſe requires a double Operation, 
I. By the 4th Caſe to find the Angles. 
2. > By the 2d Caſe to find the 5 723 


1 5 3 5 
| To Radius 3 — —— 5 ET | EE 000009 > 
So is BC 60 — — — — 
To r. BAC, 33 "I Rn. 823509 
The He — e 
" ToBC 60 ——<_” eee, a aa — 
Soi is Radius —— ——— — ä — — 10 = 


To AC required, 108 — . — — — 


2.034170 
Caſe VII. 5 934 Fo | 


The Fhpothenuſe and one of the Legs given, to fnd the other Leg. 


Example. 
In the Triangle ABC, 


There is given, 
* 08 LBC required. 


4 Plain Fnac. 
This Caſe likewiſe requires a double Operation. 
1. By the fith Caſe to find the Angles, 
2. By the 1ſt and 3d Caſe to find the Leg required. 
| The firſt Operation. 
As AC 108 — — — — -- 04.8} 
To Radius —— ———— =—__—_— 10,0000 
SO is AB 90 — — = mmm mm —2·.k.xͤĩ⁊¼: 1.44242 
To Sine ACB 565 26 — — — — — 9.920814 
The ſecond Operation, | 
| As Radins — . — —ää̃ 10 500800 - 
To AC 108——— —— n e ca — 25533428 
So is Sine BAC 33344 ——:!äü(-—w(Xu.— — 9.242 
To BC required 60 —— —— —— — —£7,776080 
The ſixth and ſeventh Cafes beforegoing, may be performed without 
the Canon of Sines and Tangents, by the 47 Prop. 1 Euclid, viz. that 
in plain Right angled Triangles, the Square of the Hy pothenuſe i is equal 
to the Sum of the Squares of the Two Lege. 
Example of the Sixth Caſe. 
In the Triangle ABC, 
1 1 is given, 
. 90 
ö | EC ef AC req, 
Square the given Legs ſeverally, add their Squares together, the 
Square Root of that Sum: is the Hypothenuſe required. 
-: multiplying 92 by 90, you need not regard the Cyphers, bas 9 
times 9 is $1, to which ſet the two Cyphers, the Sum 8100 ! is the Pro- : 
: * required, Oc. The Operation. 5 
ha” AB 90 Square of AB, 8100 
90 Square of BC, „ 3600 


8100 Their Sum 1270 (08 AC required. E 


BC > 1 
F 
3600 e 
ß 1700 
1664 


| | 2 
Otherwiſe by the 3 
| From the double Log of the pioneer Leg ſubtra& the of the ets 


— 
8 


Plan Trigonameny, — © 


and to the abſolute Number anſwering to the Difference of the Logs. add 
the leſs Leg; half the Sum of the Logs. of the ſaid Sum and 1 Leg. 
is the Log. of the Hypothenuſe required, 

The Operation. 
The greater Leg AB, 90 — — 1 ts 1 
The ſame again ð . — 1.954242 

The dovble Log, ——=— 51—!ßL;—ðKe. — — 390878, 

The leſs Leg BC 60 Log. ſubter „ = 778158 


The abſolute Number 135 — morn —— . 130333 
The Sum — 195 Log. eee e e . 290034 
Leſs Leg BC 60 Log.. — 1. 778151 
um. — — un 


The Hy othenuſe 0 03 092 
F Example of the Sixth Caſe | ” e 
In the Trianglc ABC, 

there is given, 


It : - FBC required 


Fram the Square of the Hypothenuſe, ſubtract the Square of the gi- 
ven Leg, the — Root of the Remainder is the Leg required. . 


| The Operation. 
-:AC 108. AB go the Square of AC 11664 
ä 8 the Square of AB 8100 
P Kemainder 3540 59 
1080 E | EO. 8 „ a 
Square T1604 _— 8100 3 7 N 
_ 1 


Oe by the n 85 

Half the Sum of the Logs. of the Sum, and of the Difference of the 

Hypothenuf e and given Leg, is the Log. of the Leg tequiret. 
The — 


The Hypothenuſe AC * 
The given Leg AB 8 
The Sum 1 1 
The Differ. 18 Log. 1.255273 
1 « Sam 3.551937 
The Leg BC 59 naked. | half Sum 1-775 968 


Ez SECT. 


: 2 10 =» a K 4 
= 7 — 5 * 2 "oF ö 
N 7 _ 1 *. 
1 $4 * * - 
oO s "Ra % 
b 9 * 
= " * Rn 2 * 
7 o F Pp 
- 7 * N * 
4 * Ty 12 2 0 
8 
Ky 
1 DV. 
3 6 
* FT . 
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find the other oppolice Angle. 


p * * 1 
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Caſe I. 
"HE Angles, and one of the Sides given, to find one of the oites 
"FOE. ad, bi — A 
En Examph. 
In the riangle ABC, 
„„ 4 is given, 5 


BAC 33˙45 
Az 45 40 doe: required... 
B A Jo parts 5 1 
The Op peration of this and the following Caſe, depends upon the ſe- 


cond A aforegoin " 
| The e Operation * : r 


As Sine ABC. 45? oo — — — ä —— — . 150515 
1I0?0 Side Ac ne Nt — 1 —— — 1.602060 
So is Sine BAC 33” 45 e e — —9. 2.744739 
Jo Side BC required 31 — —c — 41.497314 
After the ſame manner you Ces find the Side AB if it were required. 
Ca e . | 

Two Sides, and an Angle oppoſite to one of them, being given, to 


Example. 
In the Triangle ABC ; - 

_ There | is given, 85 
ABC 45 oOo | | 
3 "4D 100 e required, ring Ob 
B | AC 80 5 


3 1. In this Cal if the given Angle be Obruſe, the Angle required is 

A 

2. If the given Angle be Acute, and oppoſite to the greater of che giren | 
sides, the required Angle is Acute. 5 
3 If the given Angle be Acute and oppoſite to the leaſt of the given 
Sides, it's doubtful whether the angle ſought be Acute or Obtuſe, and 
ought to be derermined before the Operation, as in N N 


1 a The . = 'Co, Ar. 
As Side AC 8 


Io Sine ABC 45” o ! — 9485 
; So is Side AB 100 ny oe ee eee — 49485 
RR Sine ACB required, 117 54 5 34 

e "I 


plain e IG. 
This Operation produces the Log Sine of 620 06' for the Angle 5 
fought ; 3 bur becauſc it is Obtule, you muſt take its Complement | 189 
180, viz. 11) 54 Caſe III. 
Ty wo Sides and an Angle oppoſite to one of them, being given, to 
find the third Side. Ih Example. * 
In the Triangle ABC, | 1 
There is given | ka 
ABC 45 00'p 
AB 100 >BC required. 
80 8 — | 
Firſt find the Angle at C, + Caſe the ſecond; EY Co. Av. 
As fide AC —— ——-—— —— 80 —— ———— 8.096919 
To Sine of ABC —— 


45" oo 
So ſide AB e ———- ———_— —ä— — 2.000000 
> Sine of ACB: Obtuſe— - — 1175 54 —19 9464 
Angle — — — 117 54 
e re ons te 162* 54' Subtracted from 180 
there Reſts the — CAB 17 . Then by Caſe the firſt. 
As Sine of ABC —— — - man OO! — 0.150515 
5 To hde A —— e 6 1. 93090 
So Sine of BAC —— — —— 2 06. — — 29. 468407 
To fide BC required - — 332 — — — — 11. 522012 
1. oh W. 3 
Tw ſides, and their contained Angles given, to find the other 
Angles. 5 Example 8 
In the Triangle ABC 
I bere is given, 3 | 
AB $5. 
AC 20 : J and ABC deer 
n 5 
1 The Operation of this Caſe depends upon the third Axiom, 
The e Operation. 5 
The fide AB 259 3180? oo. 
The fide AC 20{ BAC 33 45 
The Sum of the ſides 45 Sum 146. 8 
Their A 05 —— 


half Sum 73 07 of the unknown Angles. 


* "FD 4 y te Mn ee „ 
* er "6 * : p IX n 8 . * % d 
RY 8 F 6 / 7 i 1 * * 4 
9 os > 
ä WL -. A 
* N A . , "= 
*. 1 
* 
* 5 PF 
t * 
* © 4 
= 
"os ” 


— —9. 849485 _ 


Hl 4 
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i a” 
: 39 


© Re 
As the * of the Sides AB and 4C 45 Log, ——— mom 18 | 


To their Difference 05 - =— = —= — 0.698970 
So is t. half Sum of the oppoſite Angles 73⁰ 07 — 10.517823 


3 To. t. of their half Difference ——— 20 066 —— 19, 563591 


The half Difference added to the half Sum, gives the enen Anęle; 
and ſubtracted leaves the leſs. Re 


The half Sum — the Angles 73 07. 


The half {Nifferencce 20 06 
Added gives ACB 93 13 
Sudtracted, ABC $3 or. 
| Caſe V he ang 
Two Sides ard cheir contained Angle given, to find the third side. 
8 5 Exanple. 
In the Triangle ABC, 
There is given, 
V 
AC 71 * required, 


| BAC14* 40 


This Cake requires a Double Operation 
I. By the 34 Caſe to find the Angles. 
2. By the if Calc to find the fide required. 


The foft Operation. = 
Co. Ar. | 


As the Sum ol the Sides AB and AC 606 Log. — 7.2 17528 
To their Difference. — 64. — — 1.806180 


So is t- half their Sum Angles — 2 40˙.——— 12.9044 
Io t. halt their Difference 39 22 — —— 79-o1qt48 


* which you will find the Angle ABC, to be 43 18˙ 
The lane Sr 1 5 
8 as ar. 8 


. To fide BC = 10— —— —— 1 ; 
Tye 


Plain Trigonometry, 


* 5 ; 
Geenen: 2 
” a 4% 
7 * | 
K i 7 
: "1 | 
* 


caſe VL | 
Three ſides * to find an Angle. 
T . 8 c 
In the riangle ABC : Lo 
There : given, a „ 
AB 6 „ 
_ 47 47 BAC required. 
0 B 


* Refolorſon of this Caſe depends e the 4th Axiom, reducing 
the Oblique-angled Triangle into two Right-angled Triangles, by let= 
ting fall a Perpendicular CD, upon tke Baſe 8 greater fide AB, and re- 


= quires a double Operation. 


The Baſe is that ſide upon which the perpendicular falls. 
I. To find the Segment of the Baſe AD. 


2. To find by the Sth Caſe (of Rectangular) the Angles required. 5 


The foſt Operation. Ca 8 
1 As the Baſe AB — — 64 Log. 8.193820 
BC 34 To the Sum of the Sides AC and BC —— or” MY 958485 «OY 
Sum 81 So is the Difference of the ſides AC & BC . 1.113943 
Diff 13 To the Diff. of the Se gments of the Baſe 12 16248 
The Baſe is OE - 5 
— of 


_ The Differ, of the Segments 
Sum 80 


half Sum is 40 is AD the greater r Seg: 
ment of the Baſe, becauſe adjacent to 
the greater fi fi de AC. | 


5 The ſecond Operation. 
i the Triangle ACD, Right-angled at D. 55 
"There i is given AD and AC to find CAD. 
— Log. 1.672097 


As AC ee wag Vis Ta e TREE 
2 To Radius ·— — — ◻—f“ no. oooooo 
50 is _ 3 — — — — 1602060 g 


c n P. 


5 F RN * N 7 "ogy ö a, . D . 3 d a 2 4 af : C ' 
| * * - « "1 . * N . DD, 6 l 
8 ; 1 : 4 a | 
_ 1 1 ” ; : b . of 
"Sa a by . 0 1 5 . 
be 1 «2 p - N 8 5 


The Doftrine e Spherical T RIA NGLE 8. 


— 


».. 


r 


—— 
—— 


5 E C r. + 0 ont dining bs Aﬀettion of Nie erica 7 riangles, and. 
their Axicms. 


OT) Triangle i is. that which is deſcribed on | the Surface of 
the Sphere. 

The fides of a Spherical Triangle are the Arches of three great 5 
Circle of the Sphere mutually interſecting each other. 

3. Spherical Angles are meaſured by the Arch of a great Circle, inter- 
cepted between the ſides containing che Angle, the Pole of Fhat Circle. 5 
being the” Angular Punt. 
9 2 are ſaid to be great Circle which divide the Sphere i into two 
equal Parts. 

; 5. Thoſe Circles which cut each other, at Right=angles, paſs through 
b the Poles of each other, and the contrary. _ . 
6. In every Spherical Triangle, each ſide is leſs than a Semi- circle. 

7. In every Spherical 7 * any two Sides together are greater than 


* the third. 


8. The Sum of the fides of a Spherical: Triangle i is leſs than two Se- 


85 micircles. 


9. If two ſides of a Spherical 7 riangle be equal to a Semi-circle, the 
two Angles at the Baſe ſhall be equal to two Right- angles; if they be 


leſs than a Semi- circle, the two Angles ſhall be leſs; but if greater than 


> Semi- circle, the two Angles ſhall be greater than two Right-angles. 
10. The Sum of three Angles of a Spherical Triangle are greater 
than two Right- angles, and leſs than fix. i 
- 11. Two Angles of any Spherical Triangle are greater chan the Dif- ; 
ference between the third Angle and a Semi- circle; therefore, 
112. Any fide being continued, the Exterior Angle i is leſs than the two. 
Interior. oppoſite one. 
13. In any Spherical Triangles the Didarence of the Sum of two An- 


Ig gles and a whole Circle, 1s greater than the Difference of a third Angle 


and a Semi- circle. 
14. In any Spherical Triangle, one ſide being produced, if the other 
two lides, be equal to a Semi-circle, the outward Angle ſhall be equal 
to the inward oppoſite _ 1 the ſide * If they be Ga 
3 an 


r 224 4 
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"0 Spherical Triangles 8 


= dans ode the outward Angle ſhall be greater than 10 1 th 5 1 
A poſite Angle, if they be greater than a Semi- circle the outward Ang +. 
all be leſs than the inwatd oppoſite Angle. | 
15. A Spherical Triangle is either Ri ght, or Oblique-angled. ; : 
t. A Right-angled Spherical Triangle, is that which hath one Risht 1 9 
Angle at the leaſt. _ 
| 17. The Legs of a Right-angled Spherical Triangle are of the f ſame 1 
Affe ion with their oppoſite Angle. 
18. In a Right-angled Spherical Triangle, if either Leg be a Qua- 
drant, the Hypothenuſe ſhall be alſo a Quadrant; but if both the Legs be 
of the ſame affection (that is, be both greater or both leſſer than a Qua- 
drant) the Hypotbenuſe is leſs than A Quadrant, or if of different A 
fections, then greater, and the contrar. a 
19. In a Rig h angled Spherical Triangle, if either of the Ang et the | 
H y pothenuſe be a Right Angle, the Hypotheunſe ſhall be a Quadrane.; but 
if both ſhall be of the ſame affection, it mall be leſs; it of different, 
it ſhall be greater, and the contrary. f 
20. In a Right-angled Spherical 7 riangle, the Sum of the Oblique” 
Angles are leſs than three Right Angle. 
21. An Oblique Spherical Triangle is either acute or obtuſe, 
22. An Acute-angled Triangle hath all its Angles Acute. 
23. An Obeuſe-angled Spherical Triangle hath all its Angles either Ob- 
tuſe or Mixr, viz. {ome Acute and ſome Obtuſe. E 
234. In any Spherical Ariane whoſe Angles are all Acute, each fide 1 
jels than a Quadrant. 
In Spherical Triangles there are 28 Caſes, 16 in Relian e and N 28 
in Oblique Angular. Lia 16 Caſes of ReQangular 5 are reſolved oy theſe 2-50 
two Axiom: following. _ 
"AXIOM n 


8 In al Spherical Relandwler Triangles, having the ſame Acute Angle at 
the Baſe; the Signs of ** Thpwbenafs * are e Proportional to the Ry 
of their Perpendicular. | * = 

1 AXIOM. e Bo 
hs all Spherical Reflangular Triangles, having the 1 * 4 gle at 
the Baſe, the Sines of rhe yer, and the Tangent: of the Perpendicular 5 
are p roportional. 


That at all the Caſes of a Right-angled Spherical Triangle, may be reſol- | 
ved by theſe two Axioms. 


The ſeveral Parts of the Spherical Triangle propoſed, muſt ſometiwes 8 


be conte to Quadrants, chat ſo the Angles may be turned into Sides, = 
F the 
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the Hypotheruſa's into Baſes and Perpendiculars, and the contrary. By) 
which means the Proportions, as to the Parts of the Triangle given, in- 
ſead of Sines do ſometimes fall in Co- ſines, and ſometimes in Co-tan- 
gents inſtead of Tangente. Such Parrs as do change their Proportion, 
are noted with their Complements, viz. the Hypothennſe, and both the 
Oblique Angles, but the Sides ee the Right Angles do not change. 
I beſe are called the five circular Parts of a Triangle, amongſt which 
the Right Angle is not reckoned, and therefore the two Sides which co 
contain it, are ſuppoſed to be joined together. 
I Each of theſe circular Parts, may by Suppoſition be made the middle 
Part, and then the two circular Parts, which are next to that middle 
= C Part, are the Extreams Conjunct; the other remote 
= from the Part aſſumed, are the Extreams Disjun&. 
As in the Triangle ABC, if Comp. AC be made 
\ the middle Part, Comp. A and Comp C are the Extreams 
Conjupct, and the Side, AB and BC are the Extreams 
B Disjun& : and ſo of the reſt, as in the Table following. 


> — — _— 
Mid. Part 1 Extr. Cong. Extr. Dis). | 


N Lee A8 Comp. A : | Comp. AC . 


7 Comp. 4 | "Comp. IC | Comp. C =P | 
mp. dT | Comp. 4 | 1g dB 


Leg BC © "Comp. C Comp . + 
tt __|1 Lg 48 | Gm AC | 855 
„ | 2 

The Parts of a Right: angled Spherical Triangle, 


cal Triangles, obſer ve this Catholick and Univerſal Proportion invented 

3 ‚m‚Ä̃ꝙ,̃¾¼̃ , è² é. 0 

The Fine of the Middle Part and Radius, are reciprocally proportional 
to the Tangents of the Extreams Conjunct, and the Co- ſines of the Ex- 
JJ ( ĩ 6377 2haft yo oy. 
FF  Thiatis; as Radius to the Tangent of one of the er CO; 


— 7 
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| „ 
ſo is the Tangent of the other Extream Conjun&, to the Sine of t 


_ Midd'e Pait. 


And alſo, as Radius, to the Co-ſine of one of the Extreams Dis- 


: © 28 * { 
- 92 * * ' 
; 4 
* N 
* = . 


he 


junct; ſo is the Co- ſine ofithe other Extream Disjunct to the Side of the 


J.... 5 5% 
T berefore if the Middle part be ſought, the Radius muſt be in the 


_ firſt Place; if either of the Extreams, the other Extream muſt be in the 


MRI - e By Dd, 
Only Note, that if the Middle part, or either of the Extreams Con- 
jun&, be noted with its Complement in the Circular Parts of the Tri- 


angle inſtead of the Sine or Tangent, you mult uſe the Co-ſine or Co- 


I either of the Extreams Disjun& be noted by its Complement in the 


Circular Parts of the Triangle, inſtead of the Co-fine you mult uſe the 
= #0 OY 
That the Directions may be the better underſtood, there is in the 
Table following the Circular parts of a Triangle under their reſpective 
Titles, whether they be taken for the Middle part, or for the Extreams, 


whether conjun& or Disjunct; and unto thoſe parts there is prefixed the 
Sine and Co-ſize, the Tangent or Co tangent, as it ought to be by the 


Cntholick Proportion. 


Mid. Part | Extr. Conj. | Extr. Dig. | 


Co tang. A | Sine AC | 
nh £2: $ Tang, BE _ i de: | 
1 Co ine A "M0 Co-tang. AC |. SweC |} 

I Tang. AB Co. ne | 
Cone AC | Co-tang. A | Co-fine AB | 


2 Re t EF” 
e e 


3 


| Cortang.C_ | Co-fine BO | 
I Cone C Co tang. AC | Sine " e 
DE > Tang. BC | Co-fine AB | 


* Sine BC Co-tang. C | Sine A | 
JJ Sine A 


AXIOM z. 


„* — — 
N £ 
* 


In all Spherical Triangles, the Sines of the Sides are in direct propor- * 


tion to the Sines of their oppoſite Angles, and the contrary, 


F 2 | | _ AXIOM _ 


\ 6 1 


[ T0 the Square of the Co: ſine of haif the Angle fought. I Ng 


.N Firſt, Of Right- angled Triangles. 
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To the Tangent of halt the Difference of the oppoli te Angles 124 


than two Right-angles. 
4s the Sine of half the Sum of two Angles... 
To the Sine of half their Difference; 


To the Tangent of half the Difference of the 3 Sides. 


Io the Co-ſine of half their Difference; . 
So is the Tangent of half the interjacent Side, 
T0 the Tangent of half the Sum of the oppoſi te side. 


As the Rectangle of the Sines of the containing Sides, 
To the Square of Radius ; 


"of Spherical Triengles, 


=...  ASJOAb'4 
In all Oblique angled Spherical Triangles, in which two Sides are leſs 
than a Semi-Circle: _ 
As the Sine of half the Sum of the two ſides, 
To the Sine of half their Difference; 
S is the Co-tangent of halt the . Angle, 


And, as the Co- ſign of half the Sum of the ſides, 
T o the Co fine of half their Difference ; 
So is the Co tangent of halt che contained CSG bu 
To the T Tangent of half the Sum ot the oppoſite Aogles, 
AXIOM 5 
Io all Obliqae angled Spherical Triangles, in which! two Angles, are tf 


- bd ke Os 1 N n . 9 V dy = * 4 * ® 4 5 "A F W þ 
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So is the Tangent of half the interjacent side, 
And, As the Co- ſine of half the Sum of the Angles, 


AXIOM 6. 


So is the Rectangle of the Sines of half the Sum of the three Sides, 
and of the Difference of the oppoſite Side therefrom, 


This being premiſed, the ſeveral Caſes ſhall be ſet down, with their 
 Anologies, and reſolved by the Logarithms. f | 


5 Ot . 5 
8 £ c r. n Of Righ-ongled queried Triangles. 
* afe 1. 


Las, and an Angle oppethe "IRA . given to find the other . 
Leg; if it be known, whether the Hypothenuſe, or "Par Angle, 
be greater e or Fr than a Quadrant- 25 8 | Example 


— >” —_— 4 j 8 Fe L FD = 


ez L as us lee Bo Wl Lake? RAE” ws” OL WY 2 . . 2 = A 
DO COTE I Sens I ts 2 eo 
a 4 : 0 - 3 n 2 9 


* * 9 PER * 9 . 
W * * 48 F 88 * N N _ 
* * 0 2 . * * g 7 — 


BAC 235530 1 
BC 17 43 AB required | 


As te. BAC 23* 30 


l \ 0 Spherical Trade 
Example. Ie; | 
In the Triangle 206: _ 8 N 


there is WR 


The Operation. 
As Radius | % e e yen — | 
To tc. BAC 23% % .———.— 17 
So is t. BC 17 4— œ: . ——9. 504418 
To S. AB required, 4517 ————˖;5*„ẽÆꝑ¶.l— 79.866116 


Caſe IT. A Leg and an Angle given, to fad t the ode Leg 


Exanyle, 5 3 
In the Triangle ABC 7 1 ts 
=z There i is given, > - \ 
AB 47 19 BC Crequired. 74 1 


The Operation. 


—— —— Tan 10.361698 | 
To Radius — — — ALF. — — — — 10. ooo 5 


So is 8. AB 47 19 — — — F 9.66353 


r 


To t. BC required, 17? 43 mT — . $0465 15 

| Caſe III The 1 given, to find an ode : 
Example. | | 
* the e Triangle ABC, 3 
dere is given. FEE 

5 19 VV 

30 17 43 e req. wel 

2 The Operation. | 2 1 


To — — — — — — — eee | 


To tc. BAC l 23 * 300 —— — — 6.361935 


| Caſe IV. The =D and'a Leg gem Gul reps > Angice 
Example. In the ED 


__ ABC, 
There i is given, 


Ac 45 2 * 1 


81. "By. 
eng 


1 Of Spherical Triangles = 

£ The Operation. 175 BEES 

As Radius A 
To t. AC 49 480 
So is tc. BC 175 * —— . — 748 


To ſc. ACB required, 74? 21 eee eee CEOS 
Caſe V V. 4 ** and the adjacent Angle given, to find the OS: 
" Example. In the Triangle ABC, 


— Log. 1 10 000000 


— — —— 9.92689 


There 1 is given, 
nr 7 3% 5 TAC required | 
— Operation. 
As t. AB 4719 ae aces. SORE Batone Gaines 1 Io. 035158 
To Radius — —- ——— — ——— -—- — 10.000000 
£ So is ſc. BAC 23? 30 eee 
Io tc. AC required, 49? 47 —- — ——— 9.927239 
Caſe VI. The Hhpothenuſe and an Angle given, to find the Leg adja- 
Cent to the given Angle. 
RY Example. In the Triangle ABC, 
\ c | There 1 18 given, 2 8 85 
1 ” . CBC required 
CET OR The Operation. | 
: "Abs AC 49 — een; - Log: 9.926890 ; 
Io Radius . —-T SI | 
Soo is ſc. ACB 74 10% 5 a 9.431878 
To t. BC required, 17 44 ——————— 9. 504988 
3 Oe a. The Oblique Angles given, to find the Hhpochenaſe. 
Example. Ina Triangle ABC, 
i - 12 There i is given 
B 74 19 
3 n BAC 23. 3 8 2210 required. 7 
4 8 The MEI 8 1 8 
. 4 Radi — — ——ů— 10.900000 
* 


Sete. BAC? 23 30 — — 10.361698 | 
To ſc. AC LS 49*, 47 — — (D — — 2 810054 


Coe VIII. The Hypethenuſe and one of the Angles given, to find 
the other Angle. 1 


Erni 


0% Spherical Hage. * * 


| | — | Hs Es 
Ia the Triangle ADE, „5% 
& 1} here 1 is given, | . , 2 
AC F " BAC required. | - 8 il FIT 5 
„ Operation. 
As tc. ACB 749 Ig — — —- ——- =— [ op. 9.448336 
To e ee eee _ OT OY Orr AL 000000 
So ſc. AC 490 48' — —— — — ——9. 309867 


To tc. BAC required, 23? 31' ——- ————To;36151T. 
SW Caſe IX. The Hypothenuſe and an Angle given, to find the = N ” 
ſite to the given — 
Example 
In the Triangle ABC | 
There is given, 


BAC 23" $0 cy 


AC 8 
Ws Nee The Operation. | Th ” . 5 
As Radius — * — —— — _—— 10. ooo 
To l. BAC 23 x _ — — — 9. 60069 
So is ſ. AC 495 480 — —äͤ— — —— 99,7 


10 f. BC required. 17 43 — — ——— 79.483676 
14 Caſe X. A Leg and an Angle oppoſite e 3 given, to find the 


Hypothenu/e, if it be known, whether it or the other Leg, or unknown 
Angle be greater or leſs than a Quadrant. 


0 Example 
In the Triangle ABC, 47 4: 1 
* . is given '® ona Co A, 
BAC 23 30' — | 
BC 17 43 FAC: required. 5 | As "Fel 3 
The Operation. 


As f. BAC. 2;* 30 — —— ; —— 9.600699 


So is ſ. BC 17 47 — — — —— — . 16 
To ſ. AC required, 49? 45' — — —— — 9.882617 
Caſe XI. The . os 4 Les given, to ind the > Angle oppoſite '- 
to the given Leg þ 
| „ 


(ID aL FO „ nns 4 * ' —_ ö * N 9 5 . 1 * oF I l 
9 * 7 A 2 * 9 * 1 . * n "RN % 4 I : - * 1 * 9 Pa * 
* 7 3 * N * n . "© wk TY ROW ** ; "— a 8 +. ans” {© 4 "WR * 
3 e We 1 3 
o A : , WF. ; 
* 9 I: a1 ” ; © " 
> ; 4 | p | 8 | | 
x 25 
— — b 1 
3 % 4 > | 1 
* t riang e | IN | 
= : 
* 


NES | There is given, e 
AC 49" 48 Os: 
3 30 17 43 1 required. NO 

| e The . * | 

As . AC 49? * — — — — Log. 29.882977 

To Radius — —  ,,00000 


So is ſ. BC 177 43 . _— — cc 
WE ae re 2 eee ras — 9.600339 


ca XII. A Ls and an Angle adjaceat theteunto being given, to find 
the other Angie. | n 
.C Example. In the Triangle ARC; 


Y 5 N There is given, | | 
. . 43. 
PIE The Operation. EX 
As Radius c ORs Co - Log. 10.000020 
To ſ. ACB 74* If) —— — ——— ——— 9.983522 
So is fc. BC 17 43 — e ee 9.978898 


To ſc. BAC required. "= mg —— — — 79.962420 
Caſe XIII. A Leg and an PP oppoſi ite thereto, being given, to find 
the other N ; if it be know whether it, the other 0 or the 

3 be greater or leſs than a Quadrant. 

15 EET. In the Lay ABC, 
| There is given 


BAC 235 307 0 
2 „ 3%Yacp Sia, 
3 The Operation. ARE 1 
As lc. pour? 43 OTIS OI TREO ware eres Log. 9.978898 
To Radius — — —— ſ——— — H— 10. 000000 
of ACB ** JJ) ̃ wt 22 
Ca XIV. The . given, to find either is : 
= Example. 
A In the Triangle ABC, 


5 4 , There i is given, 
74* 19 
5 BAC 23 0 * required, 


bs . * JP * E. AY , 

8 Ys * 

* 4 5 (i 
U « 
1 b A 

.* * % 
1 , 
4 
K " 
” 


; | a AB = ets * [ 4 The 8 5 0 
= As 74 19 — — — — ——— * 8 8 
15 | | To Radius —— BEES — 
1 0000 
3 | So 1 18 (c. BAC 23? +. 5 2 — — ee ee 962397 
i; & To ſc. BC required, 17 43— — — — 9978873 
3 Caſe RV The Legs 1 to find the . " 
= | xampl e. | 
nm the Triangle ABC 
[ There i is given e 

50 -4 4 1 required 


The Operation. 


As Radius - See — —— — — 2 I0.000006 
To ic. AB 47 ET œꝑv᷑— —e 9.831195 
So is ſc. BC 17 33 . | 


To ſc. AC required 49 47 — —— . 81009; 


Caſe XVI. The rab and a Leg given, to find the other Leg, 


„ Example. | „ 
In the Triangle ABC. e eng of ares gn. 
1 is siven 8 


. a - 49? 48 
S = 22 required 


Lf po 6p: DEE. 
= Th 3 
1 As ſc. BC 17 4g ——— — — — Log 9.9 9.978898 
= To Radius r. 10. o 


So is ſc AC. 49 48 
To ns AB rs, 47. 21 — — I e 


—— 


. oy N —_{ 
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sker. 1. L of — Spherical 22 ; 


5 Caſe * 


"wo Sides, and an 4 oppoſi te to one of them being given, FRY 
find the other oppolite Angle; if it be known, * the Angle | 
* . be . or leſs than a Righe Angle.” b 

G 


Example . 


» 


: Axiom. | 


of Spherical Triangles. | RO 


Example. 2 

In ebe Triangle ADE, b 

= ere is given C 

'D o” 47 ADE requied, 2 

DAE 37 oz \ being bet 1 

1 0 1 2, Operation . CS * by "Ge 9 
To . DAE 27 03 — — — 59975565 


— — .— 9.9723 4 
To C. ADE required 114* 1 —— —— 7555588 
Caſe II. Two Angles and a Side oppoſite to one of them, be ing gi- 


ven, to find the other oppoſite fide ; if it be known whether | i be grea- 
ter or . — a Quadrant. I ONT hee 5 


1 * . e e 
be TT io, NE 
i 


| I CPL Example. LES 
D * pea Ns the Triangle ADE, 
. There is given TL. 

ADE 114* 38˙% ; AD required, 
AED 45 EO lefs than a 
AE 69 47 Quad rant. _ 

3 The Operation. „ 4, 

At „ ADE—114 7 — — — ITO - Log. . 0.041439 


To ſ. AE— 69 47—— ——ä— 55971184 
80 is ſ. AED — 5 mien nab err arue ary EY. 9.849485 
Tof. AD required, 46* 53'—— —— =— — — — — 19.863308 
The Reſolution of chis and the former Caſe * upon the third 


Caſe Im. Two ſides and their contained Angles being given, to find. 1 
the other Angles. | 5 


5 Fran. 1 
In the Triangle ADE, 
There i is given, 
Daf 37 03FADE 
AE 69 47; and bay 
AD 46 530AED 


4 
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of Spbericel Triangles. RS 
The Operation ITS 
AE 69® a7 . e 
AD 46 5 2 . „„ | 6 85 
Sum, 3 * 40 half Sum a; 0' 1 


= Dit. hall Diff. 11 27 
1 DAE 37 A ” half thereof i is a 31 


As ic. * ; Zcr?. AE and AD58 1 — 0.070011 

Toſ. : Xcra. N 11 27 — ͤ — — oo I. 
Ss is tc. f : DAE > 18 31 —— — - —— [0.475060 - 
To t. 2 * Res D and E 34 on —ů — 9. 842859 


: B As.! 4 * AE and AD 58 20 — — — Log. 0.279861 


To ſc. > cr. I I 27— — — — 9.991269 


Ss is te. 4 DAE — 18 jj—— — — 10,475060 


Tot. 1 Zis D and E 79 49 — — n 

5 245 D and E —-— 76 49 5 
12 4s — — — 34 51 
Saum. 114 40 ADE 


= 74 58 AED yequired. b 
"a by the fourth Axiom y any the half Sum, and half Difference, 


: of the Angles; if to that half Sum you add the 'half Difference, the 


Total is the greater Angle; and if from the half Sum, you ſubtract the 
= half Difference, the Remainder i is the leſſer Angle ſought. 

Note; | If the Sum of the two containing ſides exceed a Simi Circle 
then ſubtra& each ſide ſeverally from 180, and proceed with thoſe Com 
plements as with rhe ſides given in the Example afore going. The Opera- 


| tion produces the Complements, of the Angles ſought to a Semi-Circle. 


Caſe IV. Two Angles, a and the 1 3 ſide being given, to find 
the other lides. 5 
LY: Example. 
In the Triaugle ADE, 
T is given, 


5 DAR. 26 23 AE. 
„ ADE 137 552 15 and dem 
WTAD Tt 50 DEN 5 


7.1... 44.04 611 My 1 


= 
. 
. 
* 
a . . . 
N n i I 
| # 


Wo Spberical Triangles. Mio ke en 
32 The Operation. „ | 
4 ADE 137 55 „„ 
DAE 26 22 | | 
Sum 164 18 half Sum, $20 og 
Diff. 111 32 half Diff. 55 46 
AD — 81 30 half chereof—40 9 , 

As ſ. 1 | Ls A and D 82. 09) — =— — 3 0.004089 If8ﬀl 
10 1.4 Roy —— —_—5 46 ————9.97;76 ü 
So 18 k. ry AD Wim = 5G 40 $5 —— ——— — = 9-93 7887 
_ Tor. ers AE and DE 35 33 e 


As os. Zls A and D —— 82 0g — — 2 0.864613 
„„ © conan > 2 EFFECT 
So is t. 3 AD — — ½ 55 — 2.832887 
er ad DE — 74 1 — — 1 53575 8 
cr. AE and DE -— 74 . 
2 Acre. — —— 1. 32 
5 Sum, 110 13 AE 
Rem. 38 29 DE required. = 
This' Caſe is wrought by the 5th Axiom, and the' halt Sum of tbe 
Sides added to the halt Difference; gives a greater Side; and the half 
Differer ge Subtracted, leaves the leſs. = 
Wote z] If the Sum of the given Angles exceed 1805, fubrra& each 
Angle from 180 and proceed with the . the Operation will 
Ape each ſides Comp). to a Semi-CircleQ. 
Caſe V. Two ſides and an Angle oppoſite to one of them, being gi- 
ven, to find the third ſide; if it be known whether the It 6 e Angle 
of the required ide, E or leſs than a Quadrant. 
Example. on 
't the Triangle ADE, 
There is given, 5 
AD 46® 53'/ And AE ani, . 
- DE 38 28 >being leſs than aa 
bY AED g 5 oo Quadrant. ; 
"The 8 of this Caſe - events 42M the 34 and 5th Axiom. 
Firſt, By the 3d Axiom find the Angle oppoſite to the other given fide. W 
Secondly, Having two Sides, and their oppoſite Angles, you may find i 
- the third fide by the former part of the 5th Axiom. — = i 


. OOH i Sat ET The Operation. 
As ſ. AD— 46 53 — — — — Log.0.1;6699 
Fo f. AED—45 00 — — . 
80 is . DE — 38 28 — — — — 9.793831 
e — — f 
AED 45 o e 
DAE 37 03 3 
Sum $2 03 Sum, 41“ on 
Diff. 07 57 Diff. o 58 | 
AD 46 53 gy 1 
VV 
Diff. o8 25 1 Diff. 04 12 


3 3 „ | EY Co. Ar. 
As 3 Rls A and E -— 03 58 —  { 9 — Log. 1.160044 
So is t. Xcra. AD and DE O4 12. — —— —. 8.865905 © 
5 34 52 „ 
234 1 
AE 69 54 required. 


| Caſe VI. Two Angles ard a Side oppoſite to one of them being gi- 
ven, to find the third Angle, if it be known, whether the oppoſite 
ſide or Angle required be greater or leſs than a Quadrant. 


| = In the Triangle ADE, ö . - 
G ETC >< - 


DAE 37 03'p ADE required, 
AED 45 oo Cheing Obtuſe. 
"BD 38 203 De og 

The Reſolution of this Caſe 1 upon the 3d and 4th Axioms, 
Firſt, By the third Axiom find the fide oppoſite to the other Angle. 
Secondly, Having the two Angles, and their oppoſite ſides, the third _ 
Angle may be found by the former Part of the fourth Axiom inverted. 


b , I 
— / N 


E * "= OT of Spherical Triowles. 
__ F The — 1 

Fa DE;; 37 2—— — — — Log o. 220033 

| To l. BE. 38 28 — . — 9.793831 

80 is l. AED 45 00 — — — — 9.849485, 

To ſ. AD 46 533äͤ — — — — 29.863351 
„„ © e N 

DE 38 28 | „ 


Dit 07 57 + : Diff. 03 * 
Co. * 

48 \Reera, AD and DE o4 1— — —— 1. 135263 

- To ſ. : Zerse. — 42 40 — — — 9.831058 
So is t. Rls A and E 03 58 b———— — —— 8.84% 
To tc. ; AD required 57 1 f.éö — — -"79.807318- 

. 

114 114 38 | required. 


3 Caſe VII. Two Sides, and an Angle oppoſite to one of them being gi- 
ven, to find the contained Angle; if it be known, whether the other 
oppoſite, or the Angle 2 be Acute or _ : 
xam = 
In the Tante ADE. 

There i Is given 

AED 45” 0 bar required 3 

AE 110 8 Acute. 7 „ 


This Caſe i is NDS by the help of the third and fourth Arien. | 
Pirft, By the third Axiom to find the other oppoſite Angle, 
Secondh, * the fourth Axiom to find the contained Angle. 


The Operation. > 
3 8 Be '& Ar. 
| 45 U AD. 31 e ee — — Log. 0.004427 
- I's 6 AED 45 00 — — — — 9345485 
So is ſ. AE 110 I; -— - ———_—_— — 9.972384 


To. _ 137 55 required — = — 29. 


1 Wo Spherical male. 
3J ADE 137 55 oe 
e. AED 45_00 «a lor fs ORE» | 
Diff. 92 55 fair Dif. 46* 37 * e nb 8 
AE 110 13 | | „ 
De | 
Sum 192 03 half Sum, 96 or. 
Diff. 28 23 half Diff. 14 

As f. 2 Ners. AE and AD 14* 3 we" 799 
To l. 1 Ze. 66 0] mom — 9-997601 
Soist. 5 * 7s D and E 46 27—— —— — 10.021991 
To tc. 7 : DAE required, 13 11—————ů— 1.530% 1 
1 1 — 


' DAE 7 26 22 Finn. 7 
Caſe VIII. Two Angles and a ſide oppoſite to one of ** Se 
given, to find the interjacent fide, if it be known, whether the other 
= n * or ſide — be Franeer or leſſer than a Quadrant. 
* 4 Example. . 
ods In the Tring ADE, 
2 | ah | There is given 3 
Le wr Ne. AED 45% O0 AE required, 3 
1 $US DAE. 37 oz Sbeing leſs than a I 
2 DE 38 28, Quadrant. 8 


= 7 bis Caſe i is tend FR FR third and ach i DD 
F Firſt, By the third Axiom, to find the other oppolite ſi de. 
Secondly, by the fifth Axion, to find the interjacent fide. 5 
„ The Operation. Heats Co. a 
As .. DAE 37 0g — — — Log. 0.220034 
To LDE-- 38 29 — — — 9.703831 
FE 9— — — _ = 9349455 


82 03 Sum ar- or. C 
97 $7 5 2 ; Dift.oz 53 5 5 „ „ 
"BY | 5 
38 28 5 e 
0 45 7 Dig 04 11 33 


XxX do is ſc. of the leſſer fide DE — 38 28 3 — 9.893745 


is", 066 5 W Src Thighs 
3 Co. 4r. 


: AsC! Xs AudE —— 03 58 gy mon — Log. 1 1 


So is t. ; Kere AD and DE 04 12 — — 5905 
Tot. 1 AE — — — — _ 3 


242 
659 44 required. 


r 


Þ Caſe I Ix. Is kides and their contained ad Angle being given, to find che 
$ 00 fide. en 


Exantle 


26 the Triangle ADE, | 3 
There is given ay Rs 
_« ADE137* 55 5} 
"AD $1 59 


AE required. 
DE 38 28 5 


The Reſolution of this and the following Caſe is deduced from the 
Lord Napier's Catholick Propoſition (the Oblique Triangle by a-ſuppoſed 
Perpendicular being reduced into two Rectangulars) by the Ingenious 
| oF Collins, i in his * on a Qn, whom 1 in this I ſhall imitate. 


The Operation. Hs vi; 
P | conn ener nes nh Log. 10. o0ỹ6jãꝗ 
Jo ſc. ADE the conta ined Angie 137 55' — — — 9.87050 
Ss is t. DE the lefler fide. —— -— 38 - — —— 9 900086 


To t. of a fourth Arch ——— — 30 I —— — 79.7705 89 

It the contained Angle be leſs than 90%, lubtrad the I from 
the greater fi fide; bur if it be greater than go?, from its Complement 10 
180", the Remainder i isthe Reſidual _—: 
3 + | 0 OY | 
As ſc. of the fourth 6 30 310 ——— — 6075 5 
Io ſe. of the Refidual— --—— 67 — — 9.5 800 84 


_ — 3 "eg 1» + WH. EE £4 oy Fa RY e WS * E * r N 5 Xe * *% EY 5 n ** Te EY 44 3 eee re 2 LOS. „ * TE SST 5, 
r WR, 3 N "Wye 9 3g 1 CCC aa 7 48 Do” dy WIE) has. 5 * 0 IN; — 8 v l X 
Tf Ce TOR EN VIA sf SR IDERRITY ↄ EL” OLE Jn rOF > TO r . 


£ E 
Sr eyed «8 


To ſc. of the ſides required, AE 110 12——— 179 538584 


:  Coſe *. Two Angics, and the Interjacent fide 008 given, to find the 
Taird Angle. 5 | 


5 "i 


; r de wm * 3B _— * 9 A * * F p a 
Re OOO "FY uo ah Py 5 l r * n * "EF * "SIO ® 6 — 84 
3 a O 6 F * 1 [i ; "LW 2 
4 — 8 * * . * 


> 8 3 . "Zak = N 

8 \ . 44 9 . * 4 o 
1 + . ” 4 : J gt & we. 7 ® at : ' 5 a 1 I 04S 2 F N 1 , 
. 2 Ws, * r ” ** 2 F<) US $534 ek I ö . 4 
| by | > 1 Loo 0 ee 

2 : ; | \ , "x ne te” 6 f 

— 7 : . ' rica T1 5 4 r ; * f 8 ( 

; a 3 ö « 8 n 
| , 1 "Ss, s. r 

am * | | | 3 Fr 2 
«TH gle ADE, | | 4 

Tot the 9 


ADE 114 39 
| 1 ZN required! 


6 

M0” The Operation. a | | . 
| As Tee 3 MR Us 8 pane — -Log, 10.000000 
To fc. A the interjacent Side, 46* 53' —— — 

So ist. DAE the leſſer Angle, 37 3 5 Wee Wo 

To. of the fourth Arch — 27 179 — —r—- 7g, TE 2 

If the inter jacent Side be more than a Quadrant, ſubtract the fourth 
- Arch from the greater Angle, if leſs, from the ſaid * 8 
to 180" , the Remainder i is the Reſidual Arch. 


- & | . I Co. * 
As lc. 4th Arch — — 27 * — — — Log. 0.051221 


To ſc. Reſidual Arch —38 04 9. 995136 


So is ſc. DAE, the leſſer Angle 37 03. — — — 9.902062 
To ſc. AED the Angle required 45 00 — — 15.849419 
In this and the foregoing Cafe the AﬀeRion of the required Side or 
Angle may be determined by the Reſidual Arch. ; — 
For if the contained Angle, or interjacent Side hr leſs than a 2 Qua. 8 
5 drant, and the Reſidual Arch more; or when the contained Angle. oe 
interjacent Side is greater than a Quadrant, and the Reſidual Arch 
els 's, the Side or Angle required i is greater than LY in all other Caſes leſs. ' 


* 
— — Bec 


Caſe Rl. Thyec Sides given, to find an Angle. 
Example. 
In- the T riangle ADE, 
"IM here ! is siven, 
AE 110 1 ; ? 


= AD 81 50 ADE required. - 
f DE 38 289 A | 


The Solution of this Caſe depends u on 
more ſpeedy Operation, take this brief agen the: 5th dion, and for the | 


Add the three ſides together, and f. 
Side Pn te to the Angle — ed. * * "uM fubrrac the 
5 - 2 


8 . 


* 


8 1 * 


3 5 07 8 Mherical.Tyian 2 Th: 15 
' Then 1 to SY yl Ag of the Logarithm Sines of the con- 
raining Sides, add the Logarithm Sines of the half Sum and Remainder, 


|  balf the Total of theſe tour Logarithms i is the Sine * of halt 


A ww hich being doubled produces ADE 137 54 required. . 


the Angle required. 
| 7be — F 
9 #5 502 The — TY Co. 3 
1 281 Side 8 o 0.20669 
AE 110 13 Sum Irs" r 9.956387 
Sum, 230 31 Re Rem. 0 02'S | 8943174 
Zum. 15 17 n, ee Sum 1 19.110177 
Remain. 5 02 ſe⸗ 68* 5 „ ba” 1 Sum 9.555078 


\ 


| Caſe XI. Three r given, to find a Side. 


Example. 
5 4 In tho Triangle ADE, 
A There i is ven 
N , 


X Af 137 55% 
e A ALD 4. 00 DE pin” 


"This Caſe i is likewiſe e oy the 6th . the Aug les bein | 
1 © Converted into ſides and the! Sides into ite by WORE, the Comp. of the 
3 5 9 Angle to a Semi circle, | 


Coop. ADE 42 o5 he apes Co. + 0 
AED 45 oo Angle 83 Co. Ar. o. 150575 

26 23 Sum, 36“ 44 8 Wee MOICIIR 

Sum 113 28 Rem. 30 21 * ei 

2 Sum, 56 44 | Es - Sum, 19.950108 


3 Rem. 30 21 ſc 19 11 F + Ju, 9975954 
; Which vein doubled, gives DE 38 28 required. n 


II the greater fide AE were required, the Operation was 8 
the Complement thereof to a Demi=circle, which ſubtracted from 180? 


the fide ſou he. 
* eaves 0 g CHAP, 


cn. V. 


The Don. 1 Plain Triangles applied in PR 0 » LE ory 7 
| wh Plain 8 


— — n 


6——— 


— * n 


8 ECT, I. The Application of Right-angl Triangles in ; Plain Sang 


Lthough the Ground and Projection of the Plain Chart be 
erroneous, yet ſee ing it is more facile to the Learner, and 
may ſerve as an Introduction to what is more difficult, i it 
ſhall not be omitted. | 


4 7 


PROB. J. The Ws 1000 Diſtance given, to find the Difference of 5 
L titude and Departure. | 
Example. A Ship Sailing N E. by N. 372 Minutes; 3 1 demand kec 

Diff. rence of Latitude and Departure. 7 


AS 
= 
- 4 
Es 
4 
TY , 
1 
. 4 
”, 
" 
: N 
7 
5 1 
a 
8 
>. 
of . 
*X 
d., av 
"EL" 
o 
. * 
r 
2 
93 
* 
2 
. 
N 
+ 
1 
4 
7 Dy 
Fy 
>. s 
* 7 
n 
1 = 
7% 
5 
eo 
t 
Ry 
* 
4 
, 
* # 
* 
285 
1 
$ 
4 9 
D 
PE 
15 
* 
5 
R N 
Wy * 
2 
£ 
Eo 
* 
8 


Plate I. E. 
In the Triangle ABC, | 8 ; 
AC repreſents the Viltance failed. 1 ET 
AB the Difference of Latitude. 
BC the Departure. 
BAC the Angle ot the Courſe from the Meridian, 8 
Ach the Compl. of the Courſe. 8 85 


IRE. ER er ES TTT 


The Operation. For the Difference 5 Latitude, 


e 


As Ragius 2 —_— 1 io. ooo + 
To the Diſlance ſail 1 — — 4 —372 5 — — 2.5705 43 

Ss is ſc. of the Courſe ——— 33” 45 . — 9.919846 
To the Dif. Latitude — 30g 12.490589 

5 1 the Departure · „%% a Os 
As W — . — — 10g. 10,000000 _ 
To the Diſtance ſaleg er I —— 2.570543 
So is S. Courſe e a 
To the Departure — i . — w—_—  —— — 


| PROB. II. The Courſe and Diff. Latitude being given, to find the ” 
| Diſtance and Departure. 
Example. A Ship failing NW. * N. 2 her Difference of Latitude 
be 309 „1 demand her Diſtance = and Departure. 15 
2 d Plate 


„ O60 
r 


£5 ä T 2: ,.. RD AR 54”: 
„ . OE RO EIT CIRIE EIS © 


i od 


| 1 For the be Diftance. 1 
Asle.f he F 45— — « i OY 
To the Diff. Latitude OO INE — — 499, 
So is Radius —— —— = — — — 10.000000 


— —ñ—ͤ— — 


To the Diſtance ſailed — — 372 — — — 2.570113 


For the Departure. N Co. Ar. 


As ſe. the Courſe — — ; 45 —__— — 0 0.080154 

Fo the Diff. Latitude 3 . ——— — 2489959 
3 80 is ſ. Courſe — — —33 45 — — 9.744739 
Io the Departure —— 207 — — —-—— 2.314852 
E PROP. III. The Courſe and Departure x given, to find the Diſtance and 
Difference of Latitude, 


Example. A Ship ſailing SE. by 8 until her Departure be 206, I 
demand the Diſtance and difference of Latitude, 


The Operation. For the Diſtance. © Plate 1. Fig. 3. 
* As . Courſe —— — 33* 4 2 — . Lox. 9.744739 
Io the Departure — 206 ——— ——.—..— — 2.313867 

. So is Radius -— — VVV — 
3 T6 the Diſtance — 372 — — — 2.569128 

= For the Domes of Lad. Stang, — Þ 
= As 0 83 . 45 — — Loę. 255261 
© Tote my 206 — —— I 2.313867 
So is c Courſe — — 33 45 — * — 9.9198 46 


To Difl. Lat. — 39k -— — 72 488974 
; FROB. IV. The Diſtance, and Difference ol Latitude given, to find 
the gf and Departure, 

| Example. A Ships ſails between the North and the Eaſt 3720 until 
ber diff. of Latit. be 309; I demand the Courſe and Departure. 


= be Operation. For the Cource.,  Tlate 1. Fig. 4. 2) 
3 As the Diſtance ſailed — * 


. 2 570543 

To Radius — — — 10 0 

So is the Dif. Tat. — — 30 — — — 2.489959 

75 the ſc. Couiſe — — 3345 — — — 19. e 
ite . rhe D —— 


As 854. 


'Yois the ſ. 3 33 45" —— — _ 9. 3 


To the De arture — 0 — ü — — 74.315282 
b 8 F De ty ROB. 


F A de * 1 N * wary * * 498 4 * 4 ny 
£4 : F 4 * N 124 " ka - * 2 99 £ \ * 1 9 D — „ N , 8 1 4 4 
"a © Ro" Py - * lp LEI —_” OR "IRS . «al at N f 2 * ak tow REINA Fenn 9 ak 9 * 7 * at! * WY ns aL! — 9 We : © IE * 7 8 7 
8 - 3 f n 3 2 enn, A 1 9 St on i. wg 4 Ef SAFE IE R n * * n WE * 1 = * A at L. 4 Li * \ 
_. = * 8 * 4 I WAS: hs 2. - "OF \ k 7 K . 2 7 p 4 4 * r 9 1 = * . 
* > oe r * * 47 og $4 9 * 2 er N "F 8 * 3 * N * * > W mo * ru © # — Fi 5 P . 
i ＋ * * JT 2 y * 8 — e * 5 1 *% ; 5 pe - * by i * 
2 4 = d - : x * 
@ *.* , p + . * * þ 1 WA Jt * N 3 " \ ten [> 
, ; « % : x 5 - ? l * 4 wa 1 * 
| . : G 9 697 . EY SA 
a « * 4 
X 9 l - . 
ö 1 * 1 . \ * . * - 1 9 *y 5 
— * 
* - ” 
N 
. 
. * 
. 2. | 
".» 1 


J ð tos A ee CS 


% 9 "6 ” * „„ „ * 
e 1 3 oh N ” 
* 3 . e * Wl N 
\ * Wann Go N 
pb! * * 
1 


"Plan Tiles. 8 Wh | f 


; PROB. v. The Diſtance and Departure given, to find the Courſe and 
Difference of Latitude. 

Example. A Ship ſails between the South and Weſt 372'; Wo her 
Deparrure be 207 1 demand the Courſe and Diff. of Latit. 
Plate 1. Fig. 5. 


g The — For the Coarſe 

As the Diſtance — 12 — —__ Log. 2. 570545 

To Radius —- — — BY — — — 10.000000 - : 

So is the Departure — 207 — — — — 2.315970 

To the S. Courſe — 33d 45.(— —- — 9.745427 
F. or the Dif of Latitude. 

As Radius — — — — o. ic. ooo 

To the Diſtance — 372 — — — 2.570543 

So is ſc. of the Courſe — 33* 45 — 3 919846 

To the Diff Latitude 309 . 


PRO B. VI. The Difference of Latitude and D. parture given, to find 
the Courſe and Diſtance, 


T JC 8 4 e e 


The Opera. F. r the Come, 


| "* the "FRY wales 
| As . Courſe - — — — 335 45 — — —— Log. 1 
To the Departure — — 207 — — — — 2.315970 
. — 10 · ooo 


— — 


Tuo the Diſtance ----- 37 —— 2.57123. 
PROB. VII. This Problem ſhews hs manner of e a Traverſe 
and is very uſctul in keepirg a Reckoning by Plain Sailing. 
Ecample. Suppoſe a Ship bound to à certain Port, and ſhe fails this 


— — — 


WSW. 49 Min. then 8 E. by South 56 Min, I demand the difterence 


of Latitude and Departure the. Sp” hach made, with 82 direct Count 
and Diſtance, ag : 
= The 


e eee 0% = 


Example. A Ship ſailing between the South and Weſt, until her differ, © 4 | 
| Lat. be 309 "MF" parture 207. I demand che Courſe and Diſtance 1 
H. 1. 6. 2A 


ther, S S. W 40 Minntes, then SW 60 Min then Y by L. 63 Min. {| 


* * N r 

. R ? 1 
* " e 
Air 1 


t * IN” * 
2 5 » 004" Ts "THF. 7 N * 
Cs” N 2 N * 10 * W 2 
N * ** W . . 1. 9 I WY 
* 4 * 7 P 10 


7 * . g. a. 

5 Gene. For the Difference of Latitude o the fr Courſe. 

As Ra ad u — Dit; + — — — ,-- 1.000000 \ 
To the Diſtancd‚e —— 40 . — — 1.603060 
So is ſc. of the Courſe 220 ä 965615 
To the Difference of Tk 36 — — — N 6767 5 


AE Pur ibe 5 1 88 of the feſt . 5 


0 the Diſtance — 40 — — _ Jy 6 ee 
So is ſ. of the Courſe -— 22? 30o—.— — — 9.182839 


' To the Departure 15 required —— — —— — 1118489 
Then repeat the like Operations for each of the 4 other Courſes, and 
Place them in the ſame Order as in the following Traverſe n 


The TRAVERSE TAI E. 


. 3 5 "Courſes 5 — Diſt. North Fouth Zof Tet * ; 
| A uch . 60 ns In | 42 "> 
. 49 || ok 45 | 
RE 5 3 . s. „% „„ a1 - 
28 - 2 2 | - 


— — 


ide 5 if 2 Table 5 „ 

For the a of the Difference of Latitade * Da -parture in their 
"proper Columns, obſcrve, That if rhe Courſe be N the Difference 
ol Latitude is put in the North Column; if it be South, in the South 
Column; and it the Courſe be Eaſterly, the Deparcure is put in the Eat 
Column ; «If Weſterly, i in the Weſt Column. 5 
Thus having fram'd the Table, add up the North, South, Eaſt and Weſt 
Columns, whereby the Dif. of Lat. appears to be 203 S becauſe there 
is nothing in the N. Column; the Dep. 59 W. and ſo much the W. 
Column exceeds the Eaſt: By which Diff. of Lat. and 2 find the 3 

| dire Courſe and Diſtance as follows. _ 
3 The Operation. For the dire Courſe Tp 3 
} As the Difference of Latitude 3 — — 2402436 


£ To Radius — —— —— — 10.0000 
3 Sas is the Departure - 9. — — 770 
| To the T. ot the Courſe 16* 12' SW. becauſe 8463316 
* the 8, and W. Columns exceeds 50 N. and ES 8 F 


Phan A 


For the direct Diſtance 

As. ſc. of the Courſe 16 - —— -- ——=- — 982404 
To the Difference of Latitirade, 203 — — — 307496 | 
So is Radius — » — — — o00- 
To the Diſtance required, which i is 211 Miles — —. 325092 = 


wo Sect. 1 The Doftrine of Oblique 7 riangles applied in Problems of Plain 3 

3 | Sai lin 8 : 1 

PROB. I. „Pe Ships ail from the IR Vibe; the one falls 81 E. 
o Min. the other E by S. ſo far, until ſhe find the fiiſt 

Ship bear N by V. I demand the ſecond Ship's Diſtance from the A 

Pore, and the Diltance between the two Ships. — e « Fig 8. 

5 In the Triangle ADE, | ps on 

A repreſents the Port, 

A the ENE. Courſe, and AE the E by 8 Courſe. . | 
Hence there is given the Angle DAE 3 points, or 335 45 (the Angle 1 
contained Between ENE, and E. by S.) and the fide AD 40 Miles, ant 
the Ange AEDeontained . by N. (the Courſe N E to 4) . 
and VI by M. (the Courſe from E to 2) * Caſe the firſt, to find - 
the Sides 45 and DE. 0 


= The Op: ration, 7 E * AE the + Second Ships D ſan N the Port. 1 


» 1 . . 4 Y 
As ſ. AED. — 22 30 — — — Lo 0.417161 _ 
To AD — —— » — — — oj I. 
So is ſ. 4. 123 45 — — — 9.919846 
To Side AE — 87 —— —— — : x1 939067. 
To fd the Didance between the Ships DE. 3 
3 Co. 7. 


4 f 45 — 22 30 8 0.417161 

TO AD — 1.60 2060 
So is ſ. DAE 3 45 — — —— — — 9.24222 
To DE - — — A — — — — 1 763960 


P ROB. II e there are two Ports an * Eaft and mig one 

from another, : one Ship ſails from the Weſtermoſt Port N E. 41 
the other ſails from the Eaſtermoſt Port 80, and meets with the firſt 
Ship: I demand the Courſe ſteer d by the ſecond _ and the di- 

„ between the two Ports. = Plate 1. Pig 9. | 
et 


e 


8 * — 


_—__ "Plain Calf ing. RET Goth 
3 Let A repreſent the Wiftermoſt, £56... od” 
E' the Eaftermoſt, -b 42 
Ab the Couric and Diſtance of the firſt Ship; 
D che Place where the Ships meet. 
„ 
Co. Ar. | 


"The Operation: To find the ſecond Ay s Courſe by Caſe 2. 

As DE 80 - — — og 
Tol. DAE— -i; o“ 
8o is Aab — 41 — — 3 612784 


4 =p To ſ. AED -—— 21 
1 The Courlei is N. 68" 46 W. or W N W. alittle Weſterly. | 
J * 


1 Co ito — the Diſtance. 8 the two 2 by Caſe 3. 00. Ar. 
3 As f. DAE Ke LA 00' —.— — — log. o 150515 
1 | To ED —— — 80 — — _— — _— 1.903090 

So is ſ. ADE — 113 46 — — —— 4617513 
2 AE— — — — 103 — 


14 — 


© fails S. by E. 20 Min. the other S. S. W. 25 Min. 

= Bearing Ad Diſtance from each other. „ 

= In the Triangle ADE, E 

j A repreſents the Road, LE, 6 

AD che firſt Ship's Courſe 1 Diſtance. . : : 

AE the ſecond Ship's Courſe and —˙¹¹ 
The Ofration.. To find the Bearings, & Caſe 4. 


AE 25 DAE „ . „ 
AD 20 GO REY f 
1 . RS ZLs ADE and AED. 

Diff. 0 7 07 1 


4 85 As Lg AE 4 AD a5 — — — ens 34 46788 


N o their Differ.— 05 — — . 3 Y 
So is t. : ZlisDand E73 07 —— =—— —— — 10.517833 


tot. my their Differ. 20 96 « — — — — * 563 $97 
| 2 NIS 20 3 "dnt 3 5 


=. Sam. 9 ADE 


Dit. 53 5 AED 


8.096910 | 


— — 49. 559179 


= — —— 72.015128 

© - PROB. III. Suppoſe two Ships ſer {ail Gow a certain Road, the one 
= 1 demand their 
0 ln I. By. 10. 


co. FS 0 


N 
* 4 


Fan in Sailing 


| 75 317 , or ENE. 1 E. and RN. A N, nearly. 


— — — 


2 As LAED——53* or 


72 min. more Eaſterly, but is forced back, by foul Weather 82 min. to 
the Port from whence ſhe firſt ſer ſail ; I demand what Courſe ſhe 


Let A repreſent the Port, 

E the ſecond Place, 

D the third Place. | | | 

"The 88 3 

of 0 fund he Courle From the * Place to the third, by Caſe 6. 
D 

AE 4 | 


Sum, 150 


nnn. 


Diff. 14 


To Z cra. AE and AD 


- 150 - 


The Bearings of the Ships are N. eaſterly 75* 3r', and S. weſterly | 


: To find their Diſtance, ERR X 
5 — 56 


| PROB. IV. A Ship » ſails fig 2 cinta Pore: SSE.68 Min. and hos 5 


ſteered from * ſecond Place to the third, and how ſhe failed back to 
the firſt Port. Plate 1. Fig. 11. 


As DE the Baſe — — 72 ———Lo 8. 142663 


| — — — 2.176091 , 
So is the Difference —— —4— —.— 1.146128 


| D Tk Se” p.72. 
Segment 29 8 W 
Dit. — 43 „ . Sum —_ 
1 Diff. 21¹ 3, or 21 EB 2 Sum. 50 2 DB 50 
As AE 


— — Ane 


The Courſe from the ſecond Place to che third, is ME. 49 04', 
NE. : E. almoſt. . 


„ 


1 f ; | 2 
; a 4 * Uk — 
t 
5 p 


Io X. Segments of the Baſe WG 7464887 


68˙ — — — — — Log. 2212055 | 8 
To Radins—= — 0 — — — — 4 


I 0 ſc. AEB, or AED. 71* "HR mr e 


W 0: * 


R 07 n e k 
| TY find the Courſe back to the Port Co. Ar. 


8 48 AD 82 min. e, e eee 8.086186 

To . AED, 71" 3 4 n —— —— — — 9. 12 
277125 

So is AE 68 min. e — — — — 183209 


* Tof. ADE 51? 53' — — — 29.895820 
. Courſe 0 the Port i is NW. 79" 03',or W. by N. a little W. erly. 


"= CURRENTS. 4 
When a Ship fails in a Current her Motion is compounded of two 
Motions, viz. the apparent Motion of the Ship, which is known by the 
Compaſs, Log, Cc. and the Motion of the Current, which if known 
before · hand, you may eaftly find the true compound Motion of the Ship; 
or if the Currents Motion be not known, you may find it if you do but 
know how far you are deceived, viz. how far, and which way, you 1 
are —— carried. As for Laſtance, 1 


0 OO 


b Qs . 
A Ship falls 5 Miles an hour, S by W. for I6 bars, in a Carine that 
fets 3 Miles an hour, W by S.1 demand the Courſe and Diſt. made good, 
In the Triangle ABC, there is given, AB the Diſtance ſailed 80 Miles, 
8. by W. and BC the Currents Motion 48 Miles W byS. and the Angle 
ABC ten Points, 112* 30, to find {AC the Diſtance made good, and 
the Angle BAC the true Courſe, Plate 1. Fig. 12. 
And 2 for the inc BAC, the Courſe by Caſe the fourth, of ä 


: Plain Triangles. 828 - 
Side AB— "FS From 1800 00 RE 
Side BC—48 Subtr. Angle ABC — I 112 30 =_ 
Sum = 


| Reſts Sum of the Angle — 67 : 30 


Diff, — half Sum — = 45. 

| 0 4. | 
As "A of the Sides AB and B &--- 156 — — = 7:892790 . 
To theit Difference 30.— 1.50% % Wl * 

| So t+ half Sum of unknown Angles. 5 337 45\ — 9.82489; if 
| To t, half their Difference | = 9 29. 9.222833 ; 
To the half um 332 45 TTT... | 
Add the half Difference | S238. = | 
The Sum is Ach; 43 14 the greater Angle : 


Subtr. the Dif BAC 24 16 the leſler Angle , 


Second, 


of 0 * J 
e to find the fide AC, by Caſe the fot. LY 


= ll Co. Ar. 

| 386175 

0 Side oppoſite BC 48 —— I 61:41 
So Sine of the Ang. ABC 112 20 ee 22:64 


To AB South by Weſt, 11˙ I5' 
Add the Angle BAC "24 238--. 


1 I j)!hbe Sum is the Courſe . 
= The way made good | is 3 8. 35 31 W.or ST. by 8 1* 46' W.erly, 
=_ 2 4 5 15 Plate 1 Fig. 12. | 
Suppoſe three Ports, A, B, and C, a Ship at A, ſteers South by Weſt 
80 Miles, and expecting to arrive at B, "of finds himſclt at C, a Port 
diſtant from A 108 Miles, South 35 31“ Welt, being derived by a2 
Current. I demand which way the Current ſers „ and how faſt, up- 
= poſing gþe Ship ſails five Miles an hour. 
= I ch Triangle ABC you have given, the Side AB, the diſtance ſail⸗ 
= <d by the Log 80 Miles, South by Weſt, and AC the diſtarce made 
3 00d 108 Miles South 35 31” Wed, and their contained Angle CAB, 
24. 16; to find the Angle ABC, the Courſe of the Currenr, and BC 
its Race, which becauſe it is found by Cafe the fourth and firſt, of ' Oblique 
Plain Triangles, and performed exactly in the ſame manner as the fore- 
= going Queſtion is, I ſhall leave the Operation for the Readers practice. 
The Angle ABC will be ſound to be 112 3o' or ten points, which 
reckoned from North by Eaſt, the Courſe from B to A, it will be found 
= Welt by South and the Side BC 48, the Currents Race i in the time that 
the Ship fails 80 Miles, which at five Miles an Hour, Is 16 hours; ſo 
W that che Current ſets 3 Miles an hour. 
= Bur ſuppoſe you know, or have formerly found the Cindi Courſe 
: and Race, and know the true bearing and diſtance between the Ports 
given, and deſire to know what Courſe you muſt ſteer, and how many 
6 Miles you muſt ſail by the Log, to arrive at the deſired Polt. 
Que ſtion 3. 
A Ship at A Bound for c, which bears from A South 35 31 1 weſt, | 
108 Miles off, but knowing there is a Current that lets Weſt by South 7 oh 
z Miles an hour. I demand what Courſe he muſt ſteer by the Compaſs, 
and How tar he muſt (ail by the Log, to arrive at his Port at C, the 
hip ſailing 5 Miles an hour. Plate 1. Fig. 12. 
Here is given, AC the diſtance of the potts 108 Mues, and the pro- 


Toru of the —— AB and BC, viz. as '5 to 3, becauſe the Ship = 
12 —— — ve 


. 
0 
vb * 8 ST 
5 
* 1 
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Miles an Hour, from A to B, white the Be ſets 3 Miles an four 
B to C, you have alſo given, the — ACB 4 Y bY « » Therefore i 


dy Caſe 2, Co. Ar, 
As Side AB 3 5 — — 9.301030 
To its oppoſite Angle Ac 4314 — — 94835672 
So Side BC 5 75 — 20477121 
Toi its oppoſite BAC T 24 16 nn en 79.673823 
Angle ACB 43? by From 18e* o 1 
Angle BAC 24 18. Subtr. 67 30 
Sum 67 30 Reſt ABC 112 20 
T ben by 0 * the « fi of Oblique, ——  _ Co. Ar. 
As Sine of the Angle ABC 112” 30' — — 9.034385 
To Side . AC 108 —— — 2.033424 
So Sine of the Angle AcB 43 14 — — 9.835672 
To Side oppoſite a3 80 — — 21.903 481 


The Diſtance ſailed AB is 80 Miles, the Rate of Sailing, | is 5 Miles 
an hour, Divide 380 by 5 F the nana 18 16, the time the Shi Thould | 


fail from B to A. 


_ - Likewiſe, Multiply 26, the hours that the Ship i is hikes by te; the 
Miles the Currents ſets in an hour, the product 48 is the Side, BC the 


| Current's Race, the truth of which may be proved by a Canon. 8 
As Sine AC, to Side AB; So is S. BAC, To Side BC. 


Then from the whole Angle, that the line AC makes with te Me- 


\ ridian N — — —— 37 31 
Subtr. the Angle BAC - — ä —— 2 18 


Reſts DAB the Courſe ſteered S by N 1 
The Diſtance by the Log AB 80 ME 


| There are other Coriofirts i in current Sailing, but theſe beiog the 
1 wol uſeful, we forbear to ** 


4 . . * 
7 0 . 2 _ "*& 


CHAP. vi. 


The DoBrine of Plain Right- angled Triangles applied in Problems of 
 Mercator's Sailing. 


is the 1.ſeful Invention of our Country-man Mr. Edward Mit, 


. T5 true Sea Chart; commonly called Mereator's C Chart, (which Y 


| although this Stranger has got the Name thereof) , performs 
the like — and almoſt in the fame IE] for r Eaſe, and I” 


— — he 
WEE 25 


Ai r 


22 * —— — 821 


nes 8 — 2222 * 


—— „ 


CA 


” 


- 20 C. M. 5 


\| 


A- Cos 


„ ©» << ov „„ 00 
; 
* 
: 


| ZN 
\ 
E 


0 
In 


* 
o 
”—_ 
SM 
oe * 
2 
K 
d. ' 
"7 0 
W 
is 1 
2 5 
Es Wo, 
, * 
\ 
. 33 


A 


Ne IAN 


8 \ — — - 


—ͤ—ꝓũ — — 2 EET. 


o * 
* + 
* * - . 
* « . 
* „ 
* © 5 
* . - 
* * 
5 * bo 
*, - 8 * 
. 


* . P * 
0 v0 — - « * 
N „ „% „%% 


LY 


- - þ - 
„ 


. 


„ - 


4 


[i 

o 

M 
* 


C 


.* 
— 5 1 
f 0 
. 
* 2 « 
1 '. 4 {5 
% 8 w « 
1 4 
. 
« ” > 
\uH © < 


* 
; * 


8 - - ©” 


. . 
* 
* 0 
0 ; _ wo * * 


* 
„ 


: 
CELESTE „„ „ 
. + ® » 


$ 
* 
- $2 owt 


ä 
e N N % * , 
F le 8 N 8 * * ? — 
* 7 Y * 
1 
ts . - 
- * 
* = 
* 
- 


. 8 d U e 1 
| Md 9 . 4 * 0 * 3 9 * * 2 * 
e 5 4 2 ** „ : MX. —— —„— 


* 1 % Lo 4 * « * : . - 
. = ISL „„ „„ 6 PER * & 
, * 
if 0 * 
* - b LI © CY © * © -_ = 
» 4 * 
\ *. - 
* 
% + * * 
- = 4 
& L * A OG q * 6 
2 4 
* — _— ——_ a 5 A * - 
E It ©. 0 . 
Jl n 
x k | 
= 
| g , 
' * 8 ; 
þ ! p * G * * 
L 5 ks 4 * 


— % g * ; at © . 
N n 5 
. * * ; 
- » * 5 ry * 8 


f 
X o 
* at 
4 * 
1 
. L * 
_- a . 
* 3 
. ” 
# + 1 _— oY 
} ” 
. : 1 80 N 
1 * 
* * 
2 
* i $ 
1 | £ 
© * 
2 
* 
5 * 4 
* 
* 
— vs -. 
- & ” 
x * 
-. * 
%* 
\ 
F % 
- 
* _ 
2 9 
% - 
; _ 
o * . L 
: * 
4 * 
—— 
. 
1 x , 5 
by . a 
A F 
- . CY 


F k W 
0 
. 4 - — « 
2 j 1 * 1 
: — 
5 — F 
4 * = 4 . 
' * 
p * 
4 * 
* 
5 
- 5 | 
: n 
* 7 * 
* . 
3 I 7 f | 
. * x $ 
* 
b * 7 . 
« p 3 v. 
* 
: * 
* b * 


* 
9 
\ s 
* 7 1 
. * 
* . 
ON & <& W's 
% 
” 4 „ ot * 
A 
- a 8 T 
* . 
g 4 1 . 4 
| ; ' 
1 A L 
: 
s _ 8 3 1 Sr 
+ N F OY 
* * 
i > 
| * 
1 1 : 
2 , 
* 
; . 
$ f 
4 . 
- 5 * 
A 4 
1% 3 ; + 
, 4 LY 2 1 mn” e 
I? - we 2 1 


eat, s 8 9 197 


mol y: becauſe all Places may be laid Je upon this Chart, 
with the ſame Truth as upon the Globe, both as to the Latitude and 
Longitude, Bearing and Diſtance from each other. 


PRO B. I. To find the Mer 3 Difference of Latitude, or the Dif- 
ference of Latitude in Meridional Parts. 


or South Latitude, the Meridional Parts (in the Table of Meridional 
parts) anſwering-ro the Degtees and Minutes of the Place's Latitude i is 
the Meridional Difference of Latirude. 
Example. One Place in the Latitude 37 27 North, the other under 
the Equinoctial: I demand the Difterence of Latitude in Meridional 
Paris. | 
Lat. 375 en 5 — 24:6 
2426 is the Merid Diff. Latitude. 
Secondly, If two Places be both in Northior both in South Latte 
ſubtract the Meridional Parts of the leſs Latitude from thoſe of the 
greater, the Remainder is the Meridional D. flerence of Latitude. 


Example I, | . M Pts. 
One Place i in the Latitude 279 20'N 2418 
The other in the Latitude 17 10 N 1046 
The Meridional Dif. Latitude, VV 
„ >... -- ">; . 
De Place in the Latitude 45% 56 EE, 3110 
Thbe other in the Latitude 29 „„ 
The Merid. Diff. Latitude, 5 


ird hy, If one of the two Places have North Latitude, the other 


the Difference of Latitude in Meridional Parts. 


Example. OS M. Pts. 
One Place in the Latitude 42* 17 8. 2305 
The Other in the Latitude 27190 N. 1207 
The Meridional Dif. Eatitude, „ 


PROB. IT, Ove Latitude, Courſe and Diſtance given, to find the o |} 
- - _ Latitude, Departure and Difterence of Longitude. + 
Example. A Ship in Latitude 42 12“ N. ſails S E. by S. 397 Miles ; 3 


5 1 demand the other Latitude, Depareury and Ditfrence of Longitude. 
12 the Triangle ABC, 35 Plate 2 Fig fy 


Ac repreſents the Diſtance, $6 1 I 


Firſt, It one Place be under the Equinoctial, and the other in North _ 


South, add the Meridional Parts of each Latitude rogether, the Sum is | 


_— _ N 7 1 | TRY N * * * NN 0 yr Fes WT VA * & * ' , * 88 YL & * 4 4 * * 2 IF * N * * * , BY * Es * b * — * 
1 bk. OP * 1 - hi | 7 a * 1 wy 7 * SJ 4 - x THY" 1 N 7 4 15. * . * KY " 
0 uw * _ , n © o ” iv 
_ * ; A Tan — * ' 7 a N 5 
; 6s | | Ire CL UF wo Va | 
f | 34 8 | 


Ab the Difference of Latitude. 

be the Departure, as in Plain Sailing, © - 

AB che Micridional Difference ot Latitude, 

BC the difference ot Longitude, according to the true e Chart, 8 * 
monly called Mercator s Chart. 


Eo The Operation. To find the Departure. | 
As Radius - - — — 900 TI0.000000 


— — 


To the Diſtance AC — — — — 97 2.598790 


80 Sine bAc the OREN bs — 23 45” 9.744739 
75 fd the Die rence of E 4d. 25 


6 —— 99% 10. oo q—R 
To the Diſtance ace. — 397 2.59870 
So Sine Ac b Comp. Courſe — . 56 15 9.019846 
To Difference of Latit, Ab —— ————330 - 72518636 


| To find the Differrnce of Labs 
Latir, ailed row. -- — 12' Merid. ns 2798 


Lat. come to —— ——— 36 42 Merid. parts — — 2370 


Meridional Difference of Latitude — . —428 
As Radius — 90˙ of — Io. t 
To AB Merid. Dis; 1 — — any = — 2. 31444 
So Tang. BAC the Courſe— . — 33 45 —— 9.824894 


L To BC the Difference of Long itude 286 — — 72.456338 
1 Which reduced is Ss 46 
4 PROB. III. Both Latitudes and Courſe given, ro find the Diſtance, 
Departure and Difftrence of Longitude. 

E -A Ship fails N W. by N. from Lat. 36*® 42” N. to Latitude 42* 12 N. 4 
I demand the Diſtance, Departure, and D fference of Longitude. 1 LLE 


— 


Latitude 42 12 Merid. Parts 2798 
Lattude 36 42 Merid. Parts, 2370 Plat 2. Fig. a * 
Merid. Diff. Latitude e 


The e ation. To La the + Diſtance 


To AB Dis. Latitude —̃ͤ — 330 ow OT 
So Secant of bA C the Courſe e —_—_————_— 330 45 — 0.0801 ” OY 


To. A c the mae — — is 2 = — = 2590088 


| 


" Mercator Sailing. wh n 9 N 
3 


22 find the Departure, 
As Radius — 0 — — 7,0, 
| To the Diſtance At E © a 396. 9— — —— 2.598681 
So Sine b A c the Courſe——33 45 — —.— 24442 
To be the Departure 220. 5 — —— 2. 343420 * — 
To find the Difference of Longitude. | 
As Radius — 90* 0'————— — — 9.000000 
To AB Merid. Diff. Lat, — Sons —_ — 2.671444 


Sc is Tangent B AC the Courſe 335 „ö 
Io BC Diff. Longitude — 286 ———— --— —— 12.4563 
ROB. IV. Both Latitudes and Diſtance given, to find the Courle, 
Departure and Difference of Longitude. 
A Ship fails in the SE. Quarter 397 Miles, from Lat. 42” 12 N. to 


"Tae: 362 42' N. I demand the Courſe, Departure, and Difference of 
Longitude. . 


Lat. 425 12“ merid. parts 2798 „ 
Lagt. 3 merid. parts 1 N plate 2. Fig. 3. 
Merid Diff. Lat. 5 Ee 
The Operation, To find the Coſt. | 
As Ac the Diſtance — —— -397* — — 2.9790 
Jo Radius — — | 905 o - 1. oοοο 
So Ab the Dis. Latitude — * — — 2 51385 14 
To Sine of Ac b Comp. Courle - 56" I5 . - 


70 fud the Departure, 
ks Radius — 90 . — 10. oocooo 


To the Diſtance 2 — 5 —— — 457 — — _ 
So Sine b A c, the 8 45 — 9.744739 
To b c the Departure 


To find the Difference if Langitnde, 


As Radius — — 00 O — — 1 5,000000 


To merid. Diff. Lat. AB — —— 428 — 2.631444 
So Tang. of BAC the — 45 — — — 9824893 


* BC Diff. i _— 3 


+3 


* 8 Mercator, 5 Sailing. 


| 6 PROB. V. Both Latitudes and Difference of Longitude given, to 


find the Courſe, Diſtance, and Departure. 
A Ship Sails from Latitude 63* 55' North; and ſails into Latitude 


| Diſtance and Departure Plate 2. Fig. 4+ 
. | Lat. 63* 55" Merid. parts | RA 
; 3 L.at. 59 12 Merid. parts 4433 | 
1 Diff. Lat. 94-43 Mer. Dit. Lat. 595 
Di. Lat. in Miles e 
Dill. Lon. 8 A „ 
; 0 4 


& 


L Dis; Long: in Min. 247 
'  TheOperation. To find the FT 


So BC Diff. Longitude 
To * BAC, the Courſe - — —22.32—— — 80 


To find the ON ance. 8 


To find the Departure. FE 


To Ac the Diſtance —— co—_— 306. 4— — — 4 


* 


Tobe the Departure 


ven, to find the ocher Laticude, Dilance, and Departure. 


* I 


59* 12' North, her Difference of Longitude 4 7; I demand her Courſe, 


As AB Merid. Dif. Ton — — 2.224117 


— —— — - 2.392697 2 


E ——— 183 en ne DE. 
So the Sec. of BAC, the Courſe 22 Z3© — — — 10.034489 5 


10 e Diſtance — — n = 


As . 6 * 


So Sine bac the Courfe —— 2232k(— l; —— 9.58 3344 
* To be the ee rs eee 1 


"Ts Ab = Dr — — — — — 2. 451786 x 
So Tang. bAc, the Courſe— 320 32) ———— 9.017939 


— 117.4 — — — ros) 25 


PROB. VI. One i Courſe, and Difference of Longitude gi- 


22e 


* 5 1 * 
* 5 * * 1 N 
N R 
9 . 

| * 

| « OE * 
: ” | 
2 , | 


Og * Mercator" * * 77 "i 
gp Ship in \ Latitude 35” 56 North, fails SE. by K. halt k. * | 


Difference of Longitude 7* 2. I demand the other Latitude, Di- 
| Kance, and Departure. LED &. | | 71 


| D 2. . 5 . 
1 = * Dif. 1 Plate 2. Fig. 5 
The Operation, to find 1 the other Latitude. | a 
As Tag- BAC the Courle --—— - 61? 53 — —.ÄÄ!ñ„ 200751955 : 
To B C Diff. Long. — — — 7 3 yy 620 
SEE gr BD — eee 
Jo the Merid. Diff. Lat. A AB — 247 9 24924455 f 
Lat ſailed from 35 56. Merid. part. — 4 
NMerid Diff. Lat · ſubtract 5 e | 


Reſts — parts for Lat. come to 32 32 8 


_ =} _To * the Diftance. 
4 As Radius — — 00 0'— — — o. ooooοοο 
To Ab the Diff. Lat. 204 — — —— 2.30963? 
So Secant bc the Courſe — $3 — — — 109.3267316 4 
2 To Ac the Diſtance — — 432 Jn —— — 726363617 | 
Fi | 'To fd the Departure. 7 
= As Radius. —_ — — — 90 O' — — 10. 0000000 
To A b the —— 433 —— —ä — 26363875 
So S. b Ac the Courſe =— —61® $3' mm — — 99454636 
= Tothe Departure be — — 381.8 — — —z2.58I8511 
ED PROB. VII. Both Latitudes and Departure given, to find the Courſe, 
= Diſtance, and Difference of Longitude. : " 
There are two Ports, one in Latitude 57* 3 North, and the other 
Latitude 61.10 North, and by a true Reckoning according ro Plain 
Sailing, the Weſting made good in ſailing from the Sonthermoſt, to the 
Weſtermoſt, is 200 Miles. I demand the * Diſtance, and Dif- 
ference 0k Longitude between them. 0 
Lat. 61% 10. Merid. parts 4670 5 Plate 2. . 6. 3 
_ Lat.57 03 Merid. parts 4188 5 
Diff, Lat. 4.7 Mer. Dit. 5 008 
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SET e 7 0 fad o the ek. a PR 
1 As Diff. Lat. ab — 247 .— — | 
4 To Radius —= | —ů— — 10.0000 
| So Departure be — — 200 ——>=— — 2-3010400' 
, To Tangent b A c, the: Courſe 39 O — 9.083431 
3 £ To find the Diſtance 


As S. Acb Comp. Soe. —51 % = 98905026 | 


To Dif. Latitude Ab —— — 247 — — 2:3926969 
So Radius 3 — — — 10. 0000080 


n Diſtance ne. — 3178 
To find the bfu of a 
* his "> SEEM — — — — — 0 .0000000 
To the Merid. Diff. Lat. 11 482 —— 2.683047 

do is Tangent B A C the Courſe —395 — {21} err OT OD2. - 
[ To Diff. of Longitude B C-— {90——— — 242.5914162 
There are other Problems, tat are Nabe and indeed properly 

Rank d amongſt the Queſtions in Mercator's Sailing; Nevertheleſs be- 

cauſe they relate only to Sailing in the ſame Latitude, vi. upon an Eaſt 

or Welt Courſe, we ſhall here diſting guiſh them by the Name ot, 


Parallel Saili ing. 


; - Ship in he Latitude of 60" o' North ſails due Weſt till her Difference 
of gs be 7 17 I Gematd how many Miles ſhe hath. ſailed- 


2 * 


TIT 
60 12 
Dis. Lab 1437 3 5 „ 
| 5 — The Operation. „ area 7 
As At B Radius — go — — — 10% 
To BC Diff. 8 437 — 


80 is Ab, the S. Comp. Lat. 30 0 —— — — — 9.6989700 


To bc the Diſtance — —218.5 — — — ——72.3394514 
Fee the Demonſtrations of the Proportions uſed in this and the two 
following Problems, in the Uſe of the Plain Scale, Chap: 11. in the inner 
part of this Book, 5 
Ne II. The Parallel of Latitude and Diſtance between 2 BY 
Places given, to find the Dif. of Long g. Plate 2. Pig. 8. 
A Ship in the Latitude of 42 10 ſails Welt 397 Miles, I demand the 
Differcnce of OE AS 


Parallel Sailing * 


As Sins Comp. Latit. A b c 
Tobe Diſtance be —— 397 — — 2:5987905 

o is Radius AB?“ go 0 —— — 10.9000000 

T0 diff. Long B — —— — 535.6 -—— — 27288579. 

ROB. III. The Diſt. and Difference of Longit. between two Places 

in the ſame Lat. given, to find the Lat. Plate 2. Fig. 9. 
There are two Places in the ſame Latitude, cheis Diſtance 59, aud 

Difference of Longitude 769, I demand the Parallel or Latitude. OY 

A s BC the Difference of Longitude—769—— —— 2.88592 263 


| To Radius AB - W — — - 90.0 — * la I0.0000000 
So is b c the Diſtance — yy  — 


To A b Sine Comp. 3 — — 39.4 — — 8900480 
The foregoing Prob. in Mercat. Sailing, Illuſtrated by a Practical Examp. 
T we are two Ports, one in Latit. 40? oo' North; the other in Lat. 
43? 25 North, the Difference of Longitude 04? 52 the Southermoſt 
| Port being the Weſtermolt. A Ship at the Northermoſt ſails S. W. by 8. 
47 then SSW. half W. 5 1, then S. by E. a quarter E. 62, then W. N. 
W. three quarters W. 61, then WSW. a quarter W. 51. I demand. 
1. The Courſe and Diſtance between the two Ports. 
2. What Latitude the Ship is in, 
3. What Difference of Longitude ſhe hath ade. 25 
4. What Courle and Diſtance ſhe hath made good, from the firſt 
- "Wh ſailed from. 


What is the Courſe and Wader to TE 24 Port, the Port bound for. 


"The Operation. To find the - between the two Ports. "1 
Lat. — 43-25 Merid. parts 2897) 8 43 
Lat. 40.00 Merid. parts 2623 "Plat 2. Fig. 10. 

Dif: Lat— 3.25 Mer. Dif. Lat. 23 274) 


As Merid. Diff. Lar. AD — -— . — - 2.4377505 | 
| To the Radius ———— ——= 90.0'——— ——— I0.0000000 Þ 

So Diff. Long. ED . — — 24653828 
To Tanę. Courſe — 2” 49 — — 69576805 —_ 


AT find the Distance 9 
| As Sine Com. Coutſe SC N 8 46.49 9.8352688 . 
- To Dif. Latit. A d —— 1 — — — 3 | — 2. 3117538 
| Fo is Radius — | —— 3 go? o N — 10. OCOOOO00 
To the Diſtance Ae — —— 299.5 — — 2. 4764850 


The, Courſe from the Northermoſt Port, to the Southermoſt, is South. 
A 49 Weſt, or South Wet 1” 49 W. - the Diſtance 299. 5 Mice. 


S | Then 
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Then for the firſt Courſe South Weſt by Sub. 475 
To find the other Laticade , 


—— 10.0000000 


As Radius — 905 0 


To the Diſtance „„ . 

So Sine Comp. Courſe SC. — 33.45 —— snes 

To the Diff. Latitude — 39.1] = be Fs "In, 5919442 
Latit. ſailed from 43 25 Merid. parts, 1897 25 2 


f. Lat. Subtr. 0 39 
7 t. come to 142 46 Merid. parts 4844 
| „ Merid. Diff. Lat. 715 
| Is bag won — 900 o' —— _T0.0000008 
WE 1” Merid. Dif Lat. — 52 — — 172425; 
So Tang. Courſe —— 8 r 7 
T0 Dis. Longitude — — 354 4— — e | 
The ©, b Courſe 580. half W. 51 min. 
e [ To find the Difference of Latitude, and Latitude come to. - 
As R Radius — | -—= — 90? o . —— 10.0000000- 
Fo the Diſtance — — 51 — = — — — — 1. 7075701 
So Sine Comp. Courle ſc. 28.7: — — — — — 9.94545 636 
To the Diff. Lat. . — —T1:6530337 
Lat. failed from 42 46' Merid. parts of 900 
Diff. Lat. ſfubtr. _o 45 
Lat, come 40505 Merid. parts 2784 
a ig | Merid. Dif, ee 


— — — 


As Radius — 0 1 10. ooο⁰⁰⁰ 
To the Mer. Differ. Latitude 61 — — 1.785 3298 
So Tang. Courſe —— 28 7 — n 
* Long itude —— 32 6 — FF 5131346 
| " Thethird Courſe S by E. + E. 62 Mile, 
= 5-006 te Dif. Lat, and Lat. come to, 
As Radius: — 90 ” 
Tuo the Diſtance =—— — 62 — SAG . F 
So Sine Comp. Courts 1 ſc — —14 4 — — 99867778 
To Diff. Lat. — — — 60.1 — 11:7791694 8 
Lat ſail d from 42* 1 merid parts 2284. | 
Diff. Lat. ſubt. 3 0 
Lat. come to 41 1 Merid. parts 2200 e 
Merid, Diff, Lat. 80 7 — n 8 | 


n N ee 77 7 

As Rollis — — 9 row 
To Merid a Lat. — 80 3 1. 90 3090 c 
So tang. Courſe ——— — ——— 14 4 © oqotoier 


To Dif. Longitnde—— mote Benq e 775 
The fourth Courſe NM Br. 6. _ 7.302009L 
"700: find the Dif. Lat. and Lat. come to. 


As DO RN — — —-—- — go ff _10.0000000 


To the DiſtanccTc· . 6 1 1.7$53298 
So Sine Comp. Courſe ſc. — eee 944376269 
To Dif. Lat. —— — -- 14, 3 411.1710267 


Lat ſail'd from —— ——-. 41? ol' merid. n — ei a——. — 2708 
Dif. Lat add —— 0 15. 


Lat. come to 5 eig pants - — — 2723 
Mer id. Di. L at. — 20 

As Radius:? — 90 10.0000 
To merid. Dif. Lat. ——— ͤ —wuʃ—L— 20 by 1. 3010300 
go tang. Courſe q —— — 75? 56 10.501809 
10 Dit. Long. ks at; 78.8  T*1.9021109 


The fifth Courſe N. Is . 
To find the Dif. Lat. and Lat. come to. 


As Radius —̃ — — 90% _10.0000000 
To the Diſtancde ——— — — 1. 1 
So Sine Comp. Courſe ſc. . ——70. 19 9.273997 

To Dif. Lat. — — — 17.2 71 2349699 
Lat. (ail'd from — 41 6 merid. parts . 
Dif. Lat. ſe — 2 : 


Lat. come to- 40 14 merid. partes — — Eo 


As Radius . 5 — — 90⁰ - * 10.000000 . 
To merid. Dif 3 — — 88 23, =, 1,3617278 
So tang. Courſe ———— —— ———— 70? 1% 10.4464523 
To Dif. Longitude ws — —. — 64.3 5 8 1718081801 


To find the Courſe and Diſtance made good, - = the Port frft ſailed from. 
Make a ſmall Table, as you are taught in the Uſe of the Tables of the 


this conſiſts of ſeven Columes, as below, 


%. 


difference of Latitude and Departure in the latter pa E this x 2 bk I 
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The firſt Column contains the Courſes, the ſecond the Diſtances, _ 
the third the Latitude come to, the fourth the Difference of Latitude No: - 
therly, the fifth the Difference of Latitude Southerly, the ſixth the Dit- 

| ference of Longitude Eaſterly, and the ſeventh the Differcnce of Longi- 
tude Weſterly, which is thus found. £ 8 p 

| Obſerve the Latitude and Longitude of the Place failed from, and the 

| Courſe and Diſtance failed; and then by Caſe 1. of Plain Sailing, find the 

| Difference of Latitade, and by Prob. 2. of Mercator, find the Difference 

of Longitude as you ſee in the Operation of the firſt Courſe, where you 

© find the Difference of Latitude 39 min. and the Difference of Longitude 35.4 
and becauſe the Courſe is between the South and Weſt, I jet the Dif- 

E ference of Latitude 39.1 in the South Column, and the Difference 

of Longitude 35.4 in the Weſt Column, as you fee in the Table, alſo 
ſubtradting the Difference of Latitude 39 from 435 25' the Latitude ſail- 
ed from, the Remainder 43 46' is the Latitude come to, which 1 

| placein the third Column, under Lat. and ſo proceed to the ſecond and 

third Courſes, C/. and having found the Difference of Latitude and 

© Longitude, and placed them all in their proper Columns in the Table, 
add up each Column alone, as you ſee in this Example, where the 
North Column is only 14.8, the South Column 161.4 which being the 

© greateit, I ſubtra& the Northing 14.8 from it, and the Remainder 146.6 
I ſ.t in the South Column for the South Latitude made good, do the ſame 
by the Eaſt and Weſt Columns, and you have the Longitude made good, 
Which in this Example is 191.1 e Longitude, which divided by 60, 
| gives 3 11'. Alſo the Difference of Latitude 146.6 or rather, 147 di- 
| vided by 60 gives 2* 27' which ſubtracted from the Latitude ſail'd from, 
gives 40* 58' the Lat, the Ship is in. And thus you have both Ts 5 


7 Courſer. Dit. Tar. 'Diff. Lat. iff. 

3 3 K Mile, D. 7 N.. 

q | _SW.hyS. | 47 '42.46|__|_39-1 

YZ SS 1 31 42. of 45.0 

| SHETE. 6 41. 1__| 60.1 

7 NH. Cr q1i.16148 

|. (WW SW.{W., 51 0% 17.2 

4 1 40 

| . 
* FN... Haren 


* * | 1 * "bir; 
5 * i * ? wt 


To Difference of Latitude CL —- 
$0 Radius — PE dh 


To Diff. Latitude Ab — 147 


Weſt almoſt } South, the Diſtance 
repreſented by the prick'd Line CR. 

This Method of Working by a Ca e 
Foundation of all other Methods of Working. Nevertheleſs, a Traverſe 
may be wrought, and an Account of the Ship's way kept with ſufficient - 
Exactneſs, both in Latitude and Longitude, only by the Tables of Dif= 
ference of Latitude and Departure, as will be plainly taught when we | 
come to ſhew the Uſe of theſe Tables towards the latter end of the 
Projection thereof you will have in the Uſe of the 

Plain Scale, &c. — . e 
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n Mlercator's Sailing. | Fro 
and Difference of Longituue, to find the Courſe and Diſtance ſailed from the 


1 firſt Port, by Prob. 2. of Mercator's Sailing. 


As Merid. Dif. Latitude A B— — 198 — ——— — 2.296665 2 
To Radius CT INE: eee g0* o — — Klee 
80 Dif. Longitude BC — w— [91] — — 2.28 1033 
To Targ. Courſe =— . —— 432 58) — 
„ To find the Diſtance Sailed. 
As Sine Comp. Courſe —— — — 43? 


* 


4, 
— 9.9843682 


58.— — 9.871779 
— 2,1673173 
So is Radius — — = | —90* of ——-— 10.900c000 . 
To the Diſtance A C ans: 8322 I 20 2— ä 2.3 101394 
Then to find the Courſe and Diſtance from the Ship to the Port bound 
for, you have given the Latitude and Longitude the Ship is in, viz. Lat. 
40˙ 58' and Latitude of the Port 40" o', the Difference of Longitude be- 
tween the two Ports is 4* 5 or 292' the Difference of Longitude made 
by the Ship is 191, which ſubtracted from 292' reft 101, the Diff. Low - 


4 guude from the Ship to the Port repreſented by the Line E M. 


Iat. 40* 58' merid, parts —— 2699 
...._ Tat. 40 oo merid. parts ——— 2623 
Diff. Lat. o 58 merid. Dif. Lat. —— 76 


„ Latirace OM — — 76 <> LSaee 
To Radius N | 


— — — 00 C, --- 10,0000 

80 Differ. Longitude EM — — — 101 — 2.0043214 
ö no $33.00, 104839978 
e IR 1 dl) er jos. 
As Sine Complement Courſe ſc. — 33 2 — 9.779127 
— 58 — — 147634280 
— — 90 © —— 10.0000000 
To the Diſtance C R — " — 906.5 — — T.9843005 
From the Ship to the Port bound for, is South 53* 2' Weſt, or South 


96.5 miles, or 96 miles and a halt, 


non, is the moſt exact, and the 


Book, and the true 


Y N 
3 nnn 
\ * . "= 
: 
* 


. 
N " 
4 * wenn 
18 A TAY 


4 54% a * * 
* by A N 
FI s 
> Fs 1 * * © 
0 
7 by. 
- +," 


dt . ; 5 he. 
* 30s Ts hs 
N TY 
S088 % 


| How to > work any Queſtion in Mercator? 5 Sailing without a v. 

N 14 meriatonal FIN, | 

1 T 1 "EY 8 Inſttuction, and (it poſlible) to invite all Ma- 

14 riners, to the frequent uſe of Mercator s Sailing ; 1 ſhall incert one 
Proportion which may well be called rhe Catholick Proportion, i in Mercator, 

* by it all neceſſary Caſes in Mercator may be reſolved; 5 and i i is 
thus performed without a Table of Merigional Parts. 

As Log. Tangent 51* 38“ gf (viz. 10.1015 10) To Tangent Courſe, 
80 is the Difference between the Log. Tangent of half the Complement 
of the two Latitudes, to the Difference of Longitude. ; 

E _ -Youneecd not regard the Degree, viz. 51* 3? gf (becauſe the Tang. 
of itis always a ſtated Number, to work with, — is caſy to remem- 
ber, for if you ſet it down by two figures rggerher, tis 10, 10, 15, 10, 
the fitſt Io being the CharaReriſtick, the reſt Rand as you ſee above. 

No if one Latitude, Courſe and Diſtance- be given, to find the Dif- 
ference of Longitude, the Terms ſtand as above. 

Example. 
A Ship I in Lathude- 50* 10 ſails South South welt half Weſt, 1 | 
_ Miles, I demand the Latitude come to, and Difference of Longitude. 5 
Firſt, find the Diff. of Lat. by Caſe che firſt of Plain Sailing. _ 
A. Radius — x a" fo" — — — eee 

To the Diſtance — — I65.9— — — = 3.2174839 

So Sine Comp. Courſe ſc.— 28. 1 ! „ — 9. 9454636 

To Difference Latitude 1455 — — — 43. 162947 

The Difference of Latitude 1455 or 245 or 15 ſubtra&ed from 5 9 10, 

8 25 55 the Latitude come to. 
50 10 Comp. 39 50 halt Comp. 12? 55 Tangent 9. 559097 ; 

K 5 55” Comp. 64 5. half Comp. 32 2 r s 
Diff. 2 7 94 

From the Difference 235394, cut off two fig ures to the Right hand, 
and you have 2373-94. but the firſt figure of the "Decimal being 9, I add A 

43 1 to the laſt figure of the Number, and make it 2374» and 1 proceed by 
the 5 Proportion. 15 

F - _ As the Common Tangent - — — — - 12.191110 

Io Tangent Courſe— 28* 7 —— — 9.727805 

| Sol is Dit. of the 3 — 2374 — — 280 


5 „„ 13.103285 | 
To Die: : Longitude » — — - 1004 — 4 — 335 | 


Mercator $ "Sailing, "without Meridional Parte: 
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Mlle Latitude Sailing. 23 a 87 "8 


Or the Proportion may be altered, and ſuited to any other Cale in 
Mercator's Sailing ; as it both Latitudes, and Diff. of Longitude were 
given, to find the Courſe it would be, 
As the Dif, of the T ang, of half Complement of the two Latitudes, 
To Diff. of Longitude, So is the common Tangent 1 10.1015 19, To Tang. 
of che Courſe. 
Or if both Latitudes, and Courſe were given, to find Difference of 
Longitude it will be, 

As common Tang. 10.1015 10, Th Dig. Tang. Z - Comp. of the two 
Lat. So Tang: Courſe, To Diff. Long. &c. But theſe Varieties we ſhall 
leave to the Reader $ Practice. : 


i Middle Laitude Sailing, commonly called 1 Sailing by 
= Middle Latitude. : Ye, on er 


ö TE as well as Mercator”s Sailing ſuppoſeth the Earth and Sea 


= Truth derived from thence, that the Semidiameter of any Pa- 
= rallcl of Latit. is in Proportion to the Semidiameter of the Equinotial, 
| as the Sine Complement of that Parallel is to Radius, and becauſe the 
Circumference of all Circles are Proportionable to their Semidiameters, 
= the Circumference of any Parallel bears alſo the ſame Proportion to the 
| Circumference of the Equinoctial; and becauſe there are the ſame Num- 
ber of Degrees of Longitude in any Parallel that there are in the Equi- 
noctial, it will follow, that the Miles in one Degree of Longitude i in the 
Equinodtial, viz. 60, are in Proportion to the Miles in one Degree of 
Lorgitude in any other Parallel, as Radius to the Sine Complement of 
that Parallel; and hence to reduce miles Eaſting or Weſting in any Pa- 
rallel to BMerence of Longitude, or Miles Eaſting or Weſting in the Equi- 
noctial, the Proportion is, as Sine Complement of Latitude to Radius, 


| Longitude, 
...- I'Rh18 18 abſolutely exact if you Cail Eaſt or Weſt (as hath been ſbe ww d 
in Parallel Sailing) and ſufficiently ſo, if you fail upon an Oblique Courſe, 
provided you ie the Middle Latitude between the two extream Lati- 
- tudes (from whence it is called Middle Latitude Sailing) which is found 


South, half their Sum is the Middle Latitude, &c. 15 
Note; If there be an odd Minute in the Sum of the two Latitude 

take — che — half of the Sum for Midal: Latitude. 
1 L 2 Example ; 


— 


to make one entire Globe, and is grounded upon this manifeſt 


ſo the Eaſting and Weſting (commonly called Departure) to Difference of 1 1-7 


by adding both Latitude, together, and if they are both North or both 9 


Fs * 4 + Latitude $ Sail ing. 


Example. One Latitude, Courſe and Diſtance given, to find the Other Las 
'  titude, Departure and Difference of Longitude. © 15 

A Ship in Latitude 50 o', Sails W. by S. $$ miles; I demand the 
Latitude come to, with the Departure and Differ ence 0 Longitude . 


5 G Lay down the Triangle GH I, as you are 
taught in ihe uſe of the Plain Scale in Plain 
Sailing with the Sine of the Comp. of Middle 
| Lat. in your Compaſſes, and one Foot in G, 
| draw the Arch LM, till the Line LM be e- 
M qual to IH, and through L draw GLK; with 
| the Sine of 90 i in your Cempaſſes, ard one 
=Y Foot in &. deſcribe the Arch KO, tle Line 
— KO meaſured on the ſame equal Parts from 
H which you projected the Queſtion, gives the 
| Difference of Longitude required. 


To find Arithmeticalh what is required. | 

$ Firſt, By Cafe the f ſt of. Plain Sailing. 
J As Radivs JOE tap e ob Fr 0000000; 
To the Diſtance GI — — 88 — —— — 1.444827 

So Sine of the Courſe 10H33 45 — 1 — —⏑ 


To the FORE If | tie 8 ak a : 
1 P 


To the Diſtance: GI —- —- 88 


5 1 1 


So S. Comp: Courſe GIH — 56 15 — 9.998464 
To Diff. Latitude GH —72 —a— — e 
Diff . 73 or 113“ Lat come to 485 47 wy 

; Latirnde ſailed from jo oo 
Sum os 58 . N 
Half Sum or Middle Lat 49 24 
| To find the Dj preuce of Loi aude. 3 
As Sine Comp. To fi Lat. — fo 22 2x — — — 9 08134307 . 
To Radius :?:?! 90 000. —.— 10,0000000 


So Departure . — ——— 1 2 5 
"Or 


— —ů H— 


T0 Diff. of Longitude ——_——_—— 12 


75 5 
F, % 
=. + 


* Middle Latitude Sailing 


Or the Diff. of Long. may be thus found, 
Firſt, as in Caſe the firſt of Plain Sailing, with 
the given Courſe and Diſtnnce, lay down the 
Triangle GHI, and having found the Middle 
Lat. which in this Exawple is 49* 24' draw 
the Line I R to make an Angle of 49? 24' with 
the Line I H continue G H till it cut IR in R, 
then is GI the Diſtance, the Angle IGH the 
GH the Diſt. of Lat. IH the Depat- 


Courfe, I. 
ture, and the Angle H IR the. Middle Lat. HRI 
the Complement of Middle Latitude. Hence 
is Demonſtrated rhe Proportion by which we 
have found the Longitude, for As Sine of the 
| Complement of Middle Latitude H RI, To 
Departure I H, So is Radius, or the Right 
Angle IHR, To the D ference of Longitude IR. 5 
And in the Oblique Triangle GIR, S 
As Sine Comp!. Middle Latitude IRH 40“ 36 & 0. 1865697 
To Side Oppoſite Gl the Diſtance — 88 . 


2 1.94448 26 
So Sine Courſe IGR ——— —— —33 4 — 9.7447 2 


By this Method you may project and anſwer all the uſeful Cafes in 
Middle Latitude Satling, as ſuppoſe both Latitudes, and Difference of 
Longitude were given, in Fig. 2. draw the Line G R, and at R make 
the Angle GRI, equal to the Complement of Middle Latitude, and ſet 
the Difference of Longitude from R to I, and let fall the Perpendicular 
III, Tien ſet the Difference of Latitude, from H to G, and draw IG, 
and then is the Projection finiſhed. The Angle I GH is the Courſe, GI 
the Diſt. and I H the Dep. And by Arithmetical Calculation it is 
As Radius, to RI Diff. Longitude, So Sine of HRI the Comple- 
ment of Middle Latitude, to HI the Departure 
And as GH the Difference of Latitude, To Radius; So HI the 
Departure, Fo Tangent of HG1 the Cou rere. 
And, As Sine of Hl the Courſe, To I H the Departure, So is 
JJ he Pic 33 TN Z 
But for the Operations, in this and other Varieties of this kind, I 
ſhall leave them to the Reader's Practice, ſuppoſing that what hath been 
ſaid may be ſufficient to introduce the Learner into the further Know- 
ledge of Middle Latitude Siiling ; and is as much as our jatended Bre- 
vity in theſe new Additions to this Treatiſe will permit. 3 


L 2 „ 


8384 
1 3 A P. VI. ö 
The NOTRE of TOOL Trianeles, applied in PROBLEM 8 7 


V Lig Great Circle Sailing 


Courſe 


PROP. I. Two Places differin only in in .ongitude. 
Example. A Ship being in the atitude 50 North, is bound to a Port 


in the ſame Parallel, wits Difterence of Longitude Weſterly is 47* ; 
I demand the Angles of Poſition, the Diſtance in the Arch of a Great 


3 9 by what Latitudes and i the Arch ſhall paſs, likewiſe ; 
the Courſe and Diſtance iſ 


from Place to Place, ac + 
cording to Mercator. 
Let A repreſent the firſt | 
Place, E the ſecond. 
The Operation. 
XX To find the Angles of 
Poſition, BAD and BED. 
The Oblique-angled Tri- 
ot angle ADE is reduced in- 
DO 5 to 905 Equal Right- an- 
| pled Triang les ABD and EBD, the Sides and Angles being cqual; 
| therefore in 1 of them there is given the Hypothenuſe, and the Angle a 
at D, to find the * at A or E. 
| 5 In the Triangle ABD. BY 
Fe tc. ADB——23* A — ·—w—— — Log. e 3 
T oO Radius — —— —— 10.000000 
So is ſc. e 00 — — — > — 9.8842 540 
To tc. BAD — — 7135 — — — 22 5 
bu 4s T0 find the Diſtance 4E. Go ” | 8 8 
TR RY In the ——.— ABD: 
| As 1 — — — —— Lor 10 0000000 
To ſ. DA — — 40? 0 ——— 9. 8080675 
So is ſ. ADB — 2330 — — — — 9. 686997 
To ſ. AB 14 51———— — — 794687673 
AB ———— 14 51 being doubled, produces DIET 
AE — 29 42, or 325 | , To 


n it be hardly poſſible for a Ship 3 to trace out the 
Arch of a Great Circle, yet it may be of Advantage to keep 


convenientiy near it, eſpecially in a Parallel (or Eaſt and Weſt) MM 


% RF. a 
Ma 2 __ 


Great Circle Sailing: 25 Fx a 
. To find the Latitudes by which the Arch ſhall paſs at every 1 
D of Longitude from A; repreſenting the firſt Port. 


Fiſt, You muſt find the greateſt Latitude by which the Arch Paſſes DB. 
In the Trian gle ABD. 


As 1 AD | 407 ——— ——— — Log 10.076 1865 

To Radius — „ —= 10.0000000 | 

So is fc, ADB —— —23 39 = — = 623978 
To t. BD 39 T9 _ - 98862113 


The Complement of BD (to 90®) 52* 25˙ is the greateſt, 
Secondly, To find the Latitude by which the Arch paſſes at every five 
Degrees of Longitude from A, you muſt reſolve the ſer eral Right-angled 
T riangles, BDa, BDc, BDe, Ce. 


| Subtracting 5* from ADB 23 300 
7 There remains 18 30 
_ SuberaQing 5 from aDB 18 30 


Remains = - —- BDS 13 30 
And ſo for the reſt as following in the Table. 


2bD3 18˙ zo“ In the Triangle aBD, 
De 13 30 . PE EEO 07 wo . 
anne To find by what Latitude the Point (a) paſſes. 
F 
 BDg ol 30 As Radius — —— bos. 10. 0000000 
5 BDh o6 30 To tc. BD — 3 * — — 10. 137122 
BDI 10 30% So f is le. . . 30 — — ee e 


55 The nk, of Da 50? 56' 1 is ah 1 of hs point 1 
After the ſame manner are found the Latitudes for the Points 0 e, Oe — 
in the ſubſequent Table. | 20s 


Longit. Latit. = 
A oo oo' | 50? oo! Thirdly, Having the Latitudes and Longi- Go 
„ os oe [ 5o 56 tudes by which the Arch paſles, you may find. 
c 10 oo ,| 51 38 the Courſe and Diſtance from mace to Place 
i 0-54-06 by Mercator. 
F 20 90 [52 22 
F235. 00 | - 532: 34 So to find the Courſe = | Diſtance + 5 * 
' h 430+ 14 is given both Latitudes, $0” North, and. 
4:33 6-94 115 $4 50" 56' North. =O 
EK 40.00 | JI Ig] 
1 45 oo 30 24/And the Diffrefice of Longing 5 "Well 
Eq & ow The 


a& ia "Great-Cheh Sailing. f . 
| The Meridional Difference of Latitude is 87 Minutes, 


>... ne 
As the Metid. Diff. of Lat. =D —_ 


— —— Log. I 9395192 


To Radius JJV  wo=c RDOUIVOOD 
So is the Diff. of Los: — — 300 — 2247... 
To t. Courſe·——— 73% 4 =—— — 105376020 

| For the Distance. 
As Sc. Courſe —  } 4 — Log. 9.4451553 
Jo the Dif. of Lat, —— — 56 — — — 1,7481880 
- So is Radius — — — — 10.0000000 
To the Diſtance | — — — 2.3030327 


After the ſame manner you cara find the Courſes and Diſtances ac, 
00, Oc. as they follow in the Table. N 


. 3300 | * 


[> Plan . 1, © Dwyer 4 Diſtances : 
From A to a | NW 73 49 200 
From atoc- | NW 77 13 189 

|- From ctoe | NW $1 ' 28 188 

From e tof NWA 032 | 184 

iT Fromfrog | NW #9 - 22 -| 10 | _- 
1-.Fromgroh | SW $6 45 |; 1990] © 
I ͤ Fromhtoi. | SW 82 —58 7; 

From i oK SW 98 4t | g8: | 

From k to | SW 755 14 | 196 | 

| — E 1 * SW 72. LE 8 0. i 


But in regard moll of the Courſes * found are ſo near the Weſt, 
you may fail W. N. W. 917 until you are in the Latitude of 55* 51 _ 
and then W. S. W. 917“ further, you will arrive at your Port. By 
this means you will alter your Latitude almoſt 6®, and the Diſtance 1 
but 52 more than that of a Great Circle, and not above 22 more than a 
the Parallel or Weſt Diſtance, 7 
P PROB. II. Two Places differing both in Latitude and Longitude. 
Example. Suppoſe the two Places to be in one Latitude, 36˙ North, 
the other in the Latitude 50* North, the Difference of Longitude be- 
* tween them 68' Eaſterl y. I demand the Angles of Poſition, the Diſtance 
in the Arch, the Latitudes and Longitudes by which the Arch paſſes, 
and the Courſe and Diſtance from Place to Place, through thoſe Lati- 
tudes and Loogitudes, — the true Chert. 1 


_ 
65 eal c ircle Sailing. 
Let A repreſent the firſt Place, i in the Lat, 366 


E the ſecond, in the Lat. 36% 


The Operation. 


1ſt, To find the Ang. of Poſit tion 
In, the Triangle ADE. 


AD 54 oo ADE 63 00 — 14 
DE 40 oo half ADE 34 00 / 
Sum, 94 00 half Sum, 47 00 A © 
* 14 00 half Diff. 7 1 


Bo . Zer-. Ab and DE 477 00) — >—— — 1358723 
To ſ. * Nr 07 oOo —— — 9.085 8945 
Jo is . ADE — — 34 OD — 10. 1210126 
To t. 2 KIs A and E 13 N 
. Co. Ar. 
As ſc. 2 Zcr-. AD and AE — 47 o — Log. 0. 1662167 
10 ſe. 2 N. — % 00 ————— — 98,6 | 
So is tc. 2 ADE -——-—— 34 oo ——ů— — 1.121126 
Tot £Zils A and My Wo —— 10. 3339800 
2 2I⁸ . 
711 


Sum. 79 OO. AED} The Ang An ples of Poſition 
Dif.—51 16 DAE 


Secondly To find the Diſtance, In the Triangle ADE. 5 


Co. Ar. 


"Cs. Av. © 


| As L. * — — —Log. 0.00805 34 4 


| Toſ: AD— | — — * . 


To. AE — 


W To find the Latit. and Longit. by which the Arch paſs. 
In the Right Angel 4 . . 


— 9.907% ⁴ 
* ie 


The Diſtance is 49˙ 500, * . into minutes 1 2990. 


—— Log, 10 oo 


| Toſ. 45. —.— - 54% oo 
So is ſ. DAB « 


To ſ. — 7 7— —— = : 
N 53 


— 


— — _ 9-9079576 


| * 42 ; 3 t cel Salts: . * N 
"DB is 395 00 , whoſe Comp. 50 53“ is the greateſt Latitude. 
Secondly, To find the Vertical Angles ABD, and BDE. 


In the Right-angled Triangle ABD. tt 2 
As tc. BAD —- Log. 9.902321 


1 6 — 
To Radius . — —. 10. oo 00 
So is ſc. AD —.—.— 54 00 -—— — — $9.7692187 
To tc. ADB ——————— 53 eee : 
From———ADE 68* oo' | | 
Subtract — ADB 53 4 46 __ 


Remains — BDE 14 14 


Thirdly, To find the Latitudes by which the Arch paſſes at every five e 
Degrees of Longitude from A, you At lone the ſeveral Right-angled 8 
Triangles BDa, BDb, BD, Ge. 


| Subtra& five deg. from ADB 53 


There remains A Db 48 5 
Subtracting five deg. from | ; + 
| Remains „ ws bDB 4 : | FF 


So of the reſt in the following T ae 


|"BDa 48 46 | BDb 13 46 | 
5 43 4% BD. o8 46 | 
3 00 33 4% | BOt 0346 | 

1: BDd 3z3 46 | 8Di--01 14 1” 
. | Sie 28 46 | BDm 06 14--| 
BO 23 45 8 2 1 
1 . 18 RCT 


= In the Triage aDB, to, find by 7 3 the Arch paſſes at 
3 the Point a. 
Ast. 58 — 39% —— ——— Log. 2.10126 


1 166 0 — —a—k ä Io. ooooooo 
So is ſc. 053 — — 48 46 — — — — 9.818959 
Tote 59 3 — — 9. xo 
Whoſe Complement 39“ or' is the N . : 
Alfter the ſame manner are, found the Latitudes of ſererl Points 

N c, 25 0, Us. * in the 7 Table. 0 | „ 
| OM Furth. 


* 


 Great-Circle Sailing. © — 8 89 | 


Longit.| Fourthly, Having thus the Latitudes and 
36% oof! | oo® | Longitudes of the Arch, you may find the 
F 26 + Coutſes and Diſtances from Place to Place, 
7 is | according to Mercator. 

45 37 | 20 So to find the Courſe and Diſtance 


- OR... 25 A a. 
Both Latitudes are 35 degrees and 39 de- 
grees 1 minute. 

The Difference of Longitude 5 deg. 

The proper Difference of Latitude 181 
minutes. 


The Meridional Difference of Latitude 
228 Minutes. 5 | 


For the  Comrſe- 85 | 
As this Meridional Dig; of Lat. 228” —— Log: 2.357848 


To the Radius gh > F — — — 10. 9000000 | 
So is the Diff. of 8 — — 300. — — 47. 


To the tang. Courſe -— 1 1 — Log 10. 1 191864. 

deed For the Diſc. 
As ſc. of the 8888 — 524 — — — 928 9604 
To the Difference of Latitude 58 18 1— — — — 22576786 


So is the Radius —— — — — — —-— 16 


To the Diſtance — — — _ 299 — — ——— 4757122 


After the ſame manner you may find the Courſes and Diſtances ab, 
br, c a, 12 — as they follow in } tbe Table. 


2 J ren NN 


. 6 | 
* 9 68_| 


ho _ Courſes Diſtances 15 
535 A to a 5 NE 7 - fl 45 299 
TV 
I From b roc JJ | 255 1. 
From c tod NE 62 40 239 | 
From d toe NE 66 og | 226 | 
| From ecof | NE 750 o | 212 | 
| From frog | NE 93 39. 202 
From gto b oY 77 1 50 199 
| From 5h toi NE n 
From i took | NE 8 14 | 192 | 
| From Ero | NE 89 o2 | 177 
From Iom | SE 37 19 | 192 | 
From m ton | SE $3 o9 | 193 |. 
\ FromuwE | SE % dee 1 
3 e CHAP. 


* * 3 act OY * * p 
* by n * 9 4 2 * N 
* i * KEY * 
41 1 8 . £9 2 - 
7 
— 
0 , 
4 0 ; 
1 
e 


* 
| 
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ther in the Poles of the World, as PES and BcS, 


Names and Characters follow. 


* 8 * . Pye”) * —— 
= * * 7 2 _ 1 3 
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The Doctrine of the Sphere , containing ſundry Aſtronomical De- 


finitions and Problems »ſeful-iz the Art of Navigation. = 


nr NAT 
A wy, 8 


N | 4 
— 5 
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Sec r. I. Aſtronomical Definitions. 5 

HE Poles of the World are two fixed Points in the Heavens dia- 
metrically oppoſite to one another, the one viſible in our He- 
miſphere, called the North, or Artick Pole, noted with the 


I The other not ſeen of us, being in the lower Hemiſphere, called the 
South or Axtartick Pole, noted with 85. C 


The Axis of the World is an imaginary Line drawn from Pole to Pole, 
| about which the Diurna! Motion is performed from Eaſt to Welt, *' 


The Mevidians are great Circles concurring and interſecting one ano- 


The Equizofial or Equator, is a Great Circle go? diſtant from the Poles 


3 of the World, cutting the Meridian at Right Angles, and dividing the 
World into two Parts, called the North and South Hemiſpheres ; as E Q. 


The Ecliptick is a Great Cyrcle, croffing the Equinoctial in the two op- 


. 


* Polite Points Aries and Libra, and making an Angle therewith (called 
its Obliquity) of 23 deg. 30 min. repreſented by S  W. 
This Circle 1s divided into 12 


Signs, each containing 30 deg. whoſe 
N Arie. 


Kere Definitions EF, 91 


Aries 7P . Libra . 

Taurus Q Scorpio 1 38 
Gemini 0 Which a are e Nor- Sagittarius 7 | 'Theſe are Son- 

Cancer  S | thern Signs, | Capricornus w | thern Signs 

Leo VW} I Aquarius = 

Virgo 1 Piſces 1 


The Zodiac is a Zone or Girdle, having eight degrees. of Latitude 
on either ſide of the Ecliptick, in which ſpace the Planets make their 
Revolutions. Tis divided and diſtinguiſhed by the twelve Signs. . 

The Colures are two Meridians dividing the Equinofial and the Eclip- 
tick inta four equal Parts; one Of theſe paſſes by the E guinocria! Points 
Aries and Libra, and is called the Equinoctial Colure, as P 8 


The other by the beginning of Cancer and a lake called the S. 
tial Colure, as P S,SWw, 


The Poles of the Ecliptick are two Points, 2 3 30, diſtant from N 


Poles of the World, as I and K. 

The Tropicks are two ſmall Circles, parallel to the EquinoQiial, and 

diſtant therefrom 23® 3o' limiting the Sun's greateſt Declination., 

The Northern 7 + opick patles by the Beginning of Cancer, \ and i is cal- 
led th Tropick of Cancer; as Sa D. 

The Southern Tropick paſſes by the Beginning of Capricorn, and is cal 
led the Tropick of Capricorn; as Abve 

The Polar Circles are two ſmall Circles paralle to the Egunoctia, and 

diſtant there from 66? 30, and from the Poles of the World, 239 30“. 
That which is adjacent to the N. Pole, is called the Artick Circles as GdI. 
And the other che Antartick Circle, as Kdt MW. 

The Zenith and Nadir are two Points diametrically oppoſi te, 


The Zenith is the Vertical Point, or the Point right over our Heads a'Z, 


The Nadir is directly oppofite thereto, as N. | 
The Azimuth or Pertical Circles, are great Circles of the Sphere, concur- 
ring and interſe&ing each other in the Zenith and Nadir; 28 ZS NW. 
The Horizon is a great Circle 90 diſtant from the Zewith and Nadir, 
cutting all e 10 Angles, and dividing the World into wo 
equal Parts, the Upper and viſible Hemiſphere, and the lower and inviſible, ok 
This Circle is repreſented by Ha R. 
The Meridian of a Place, is that Miridian which paſſes by the Zenith 
and Nadir of the Place, as PLSN. _ 
The Almicanthers, or Parallels of Lltitude, are ſmall Circies parallel to 
the Horizon, imagined to paſs through every Degree and Mmute of the 5x0 
Meridian, between the Zenith and Horixon; as Ba Ff. 
Parallel of Latitude, or Declination, are \matl Circles paralle} to the 
Euinottial: They are called 5 wat of Declination, in reſpect of the 
3 5 8 = 0 | 


92 Aſtronomical Definitions 
Sun or Stars in the Heavens; and Parallels Latitude, in re ſpect to au 
- Place upon the Earth. e ä 
The Latitude of a Place, is the Heighth of the Pole above the Horizon, 
or the Diſtance between the Zenith and the Eguinoctial. 1 
Ihe Latitude F a Star, is the Arch of a Circle contained between the 
Center of a Star, and the Ecliptiek Line; this Circle making Right- 
Angles with the Ecliptick, and counted either Northward or Southward, 
according to the Situation of the Star. . V 
Tongitude on the Earih is meaſured by an Arch of the Equinofial, con- 

rained between the primary weridian-(or Meridian of that Place where 

Longitude is aſſigned to begin) and the Meridian of any other Place 
- _ counted either Faſterly r ͤ K Wo RL 
The Longitude of a Star is that Part of the Ecliptick which is contained 
between the Star's Place in the Ecliprick, and the beginning of Aries, 
counting them according to the Succc flion of the Signs. Bo ie 

Altitude of the Sun or Stars, is the Arch of an Aximuth contained 
betwixt the Center of the Sun or Star and the Horizon. „ 


\ 


Aſcenſion is the riſing of any Star, or any part of the Equinofial above 


the Horizon, and Deſceuſon is the r 
Rig bi-Aſcenſon is the Number of Degrees and Minutes of the Equinec- 
tial (counted from the beginning of Aries) which cometh to the Meridian 
' with the Sun or Star, or with any Portion of the Ecliptick., 
\ - Oblique Aſcenfion is an Arch of the Equizotiial between the beginning 
olf Aries and that Part of the Equinoctial, that riſeth with the Center of 
2 Star, or with any Portion of the Ecltiprick, in an Oblique Sphere. 
Oßblique Deſcenſion is that part of the Equiroctial which ſets three with 
X — 1 Aſcenfional Difference is an Arch, of the E- 
 quinetiial, being the Difference between the 
Right and Oblique Aſcenfion.. „ 
The Amplitude of the Sun or Star, is the 
Diſtance of the riſing or ſetting thereof, from 
the Eaſt or Weſt Points of the Horizon. 
The Parellax is the Difference between the 
true and apparent Place of the Sun or Star; ſo 
I that the true Place in reſpe& of Altitude is in 
the Line ACE or A DG the Sun or Star being 


r D „„ | = 
And the apparent Place in the Line BCF, or BDI. 
Jo the Argles Parellax are ACB or ECF; and ADB, or GDH. 

In this Scl eme, ABK repreſents a Quadrant of the Earth's Superficies. 
XA che Center of the Earth. B any Point of the Earth's Surface, 
| CFE 77 058 Re- 


* 
A 


I es Aftronomical Problems. 93 | 
" Diſerved by Tal. The Refraftion is cauſed by the Atmoſphere/, 
It. Refrat. | or Vaparous Thickneſs of the Air near the 
| —0*] 30 30"| Earth's Superficies, whereby the Sun and Stars 
x] 37 32 | ſeem always to riſe ſooner and ſet later than real- 
p * 12 30 ly they do. | | | 
V + 3 8 8 
ie 00 In the Latitude of 55 degrees, and thereabouts 
'6 |- 9 co | it is allowed to be as follows in the Table, altho 
$i 8 15 it varies by the Weather. | 8 
—9 1 3 5 3 
5 : I | And in the more Northern Parts it hath been 
TT] 5 & | Obſerved to be greater. Ws 
12 4 30 | - | | 3 13 ; 8 | 
.. The Uſe whereof is this 
55 33 <4 Suppoſe the Altitude obſerved were Io de- 
F- 14 1 255 5 — grees; the correſpondent Refraction is 5 min. 
1 3 30 ſeconds, which ſubtracted from Io degrees, 
17 2 00 6 . 
'E 88; 1 15 | the Remainder 9 degrees 54 minutes 30 ſeconds, 
1g | © 30 | is the true Altitude. De es 
Ji 5 nn ee 
8E T. II. Afronomical Problem. 
IA OB. 79 HE Sun's Place in the Ecliptick, and greateſt Declina- 
ITI tion being given, to find his preſent Declinatio. IK 
Example 1. The Sun's Place being in 26* 41' of Taurus, and his great: 
eſt Declination, or the Angle of the Ecliptick with the Equinoctial, 23 F 
30“, to find his preſent Declination. 33 bros = Plate 3. Fig. 1 55008 7 
la the Right angle Spherical Triangle y BC there is given YC I 


the Hypothenuſe 56* 41' the Sun's Diſtance from Aries, and the Angle 


B YC, the greateſt Declination (by the 9th Caſe) to find the oppolice 
JJ peer Decinanen.. :_.0-< 
T̃᷑)0bberefore the Proportion and Operation is, * 

ö As Radius — ORC . . eee Log. Fo 0000000 
Toſ.BY C 232 309, the Sun's greateſt Declinat. == 9.6007000 
So is ſ. YC 56 41, the Sun's diſtance from Y ——<9.9220232 

 Toſ.BC——19 28, the preſent Declination N. — 29.5227232 
 - Note, That the Sun's diſtance is always accounted from the neareſt | 
of the Equinoctial Points Aries or Libra: Therefore if the Sun be in the 
Northern Signs, Aries, Taurus, or Gemini; or in the Southern Signs, 
8. Capricornus, Aquarius, or Piſces, his Diſtance is computed from Aries. 

" But if his Place be in the Northern Signs, Cancer, Leo or Virgo, or in 


» the 


r W | 


the Southern Sights, Lea, Scorpio, or Sagitarins, tis reckond Gm Libra. | 
Ik che Sus be in the Northern Signs, his Declination is Northerl ; if 
in the Southern Signs, Sourhberts; | 
Example 2. The Sun 8 Place is 22 12 of Equarius, his greateſt De- 
clination (as before) 230 30” to find his preſent Declination. 

The Sun's Diſtance from Aries is 37 48. Plate 3. * I, 
i - The — — In the Right-angled Triangle Y' DF. 

As Radius — —— — — — 10. 0000000 
8 Tof.DYF23* 30%, the greateſt Declination. =———— 9.600 7000 
So is ſ. PF 37 48 the Diſtance from Aries. 9.787394 


To ſ. DF —14 od the preſent Declination $S — — 79. 3880946 
| You may find the Sun's Place by the Tables in Aſtronomia Carolina. 
| PROB. II. The Sun's Place given, to find his Right Aſcenſion. 
* Note; The Sun's greateſt Declination is concluded by Mr. Street, in 
his Caroline Tables, to be 23" 30 therefore 1 it is always given. 
Example 1. The Sun's Place is 269 41 of Taurus, 8 
Jo find the Right Aſcenſion, | Plate 3. 1 I. 
4 In the Right-angled T agel 5 BC, there 1s given the Hypothenuſe 
F ' Y'C56* 4r', the Suns Place from Arivs. 7 
The Angle BY C 239 3o' the greateſt Declination, (by the 6th — Y 
: to find the adjacent Leg B, the Right Aſcenſi or. ; 
5 The Operation. EY”, ES OT 
As 6 — = ———I 0000000 
Tor.y C 56 al os Sun's Lone. from m —— 101822405 
So is {c.BYC 23 30 the greateſt Declination 9.9623 978 


— — 


Jo t. 1 B 54 22, the Right Aſcen. from — 416355 5 


Example 2. The Suns Place is TY 120 of Ele. 3 


IS find the Right Aſcenſion. : ab; ry Plate 3. Fig. 1. 
. The Operation. 5 en 

„ n. the Right Angled Triangle 7 —B— 
As Riding —— — — —— Log- xe 10.0000G00 | 


Tot. TF -:.37* af}, the Sun's Longitude from Y_ 98896823 


So is ſc. Dyr 23 39, the greateſt Declination _ $:9623978 
Tot. 1D 25, the Right Aſcenſion from tel | 
35 7 5 1 Equinoctial point f *. $5 20801 
3 This Proportion ſine hi Right Aſcenſion from the neareſt Equinoctial 
Point, as you account the Longitude in the Operation, Bur the Right 
* Aſcenſion is to be reckoned from Aries, according to the Succeſſion of 
the Signs. 
| Therefore ein this laſt Example, the Complement. 35” 25 to Ft 
| which is 524 335 is the Right Aſcenſion ſought. _ PROB 


- 


89 282 N nis. 5 or 


i PROB. III. The Sun? 8 Declination given, to ſind his Place or Longitude 
from Aries. 
ö | Example r. The Sun's Declination i is 1 9” 30 North, encreaſing. 
To find his 8 
. Plate 3. Fig. 1. 
In the Right Angied Triangle 8 
There is given the Leg BC I [gf 30", the Sun's preſent Declination. 
Thi oppoſite Angle B Y 0 23 30', the greateſt Declination. 


| And the Hypothenuſe / C required by (the tenth * wg _ Sun's 
diſtance from Aries or Libra. 


The 8 YER 
As. By C — 23.30 the greateſt Declin. Log, —=— g. 6007000 
To Radius. — — — 0,000 
So is ſ. BC 19 30, the preſent Declination — 9.523495 2 
. „FFT — - 9:9227953 
Which —— 56 50 reduced into Signs, is 1 Sign 26? 50, 
+ MP 26 50 of Taurus. 

1 the Sun's Declination be North, and encreaſing, his Proportion 
| finds the Sun's diſtance from Aries; 3 and decreaſiag, from Libra in the 
| Northern Signs. EE 
If the Sun's Declination be South, and encrratiog” from Libra; if de- 

creaſing, from Aries, among the Southern Signs. 

Example 2. The Sun's Declination is 14* 10 South decreaſing 

To find the Longitude from Aries, Plate Fn "Fi 1. 

e Operation In the Triangle Y DF. 

5 As l. Dbrp— 235 30“, the een Declination —— 9. oh 
"Ta Radius — wes — — 1.0,.0000000 
So is ſ. DPF—— 14 10, fs WES Declination —— 9.388210 
To ſ. VP F —— 37 525 the Diſtance from Aries — — 8 7880 l . 
The Complement of 37 52' to 3605 is 3227 8 
Which reduced into Signs, 10 Sings 22 08“ or 22 08” of 41 


PROB. IV. The Sun's. Declination given, ro find the Right Aſcenſion, = 
Example 1. The Sun's Declin. is 1 9 300 North encrealings: 3 
TO find his Right Aſcenfion. . Plate 3. Fig. 1. 
In the Right angled Triangle BE. 
There i is given the Leg BC 195 30% the Sun's preſent Declination. | 
And the oppoſite Angle B Y C 23? 300 the greateſt Declination. 
_ (bythe 115 Cafe) to find the Leg Y B, the — Aſcenſion. 


By. 
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To tc. BYC 23* 30;, the greateſt Declination- 
So is t. BCE 19 30 che preſent Declinat ion — . 
Jo ſ. B 54 32 the Right Aicenſion from Y "19.9108468 
The ſame Caution which was given for the right accounting the Sun's. - 
Place in the third Problem, ſerve for the Right Aſcenſion ; only as that 
was given in Signs, degrees and minutes, this muſt be given in degrees 
and winutes from Arien. 
Y Example 2. The Sun's Declin. is 14 10 South decreaſing. 
„ I0o find the — Aſcenſion.” D Plate 3. Fig. l. 
1 Tze Operation. 
= In the Right Angled Triangle Y DF. 
5 As Riding —— — — — — — —— — Log. 10.0000600 
Jo tc. D Y F— 239 30, the Sun's greateſt Declin. — 103616981 
So is t. BU—— 14 Io, the preſent Declination ——— 9-4021237 
To ſ. v D, 35. 29, the Right Aſcenfic — 49.763 8218 
Ide Complement of 35” 29/ , to 36055 is 324 31 the Right Aſcenſi ion 
from Aries. | 
3 PROB. V. The Latitude of a Place, and the Sun's Declination 
E being given, to find the Aſcenſional Difference. _ 
EP Example. In the Latitude of 51 327, the Sun's Declination being 20⁰ ; 
"4: to find the Aſcenſional Difference, F4 1 
Ins the Right · angled Triangle ee Phe ; 3. . * 
2 There is given the Leg bc 20” 12, the Sun's Declination, and the 
_ . oppoſite Angle b ac 38? 285 the Complement of the Latitude, or the 
Angle between the Equino&ial and Horizon (by the firſt oe to find 
* the other 1 a b. the Aſcenſional Difference. | 
1 8 a ee 
* As Radius ä ; — — Log lo. oo 
Do te. bac = 28' the Compl. of the Lat. — 10.099135 
| So is t. be 20 12 the Declination, — ——. 9.69633 


To ſſa b 27 35 theAſcenſional Difference —— — 19.66 5668 


PROB. VI. To find the Oblique Aſcenſiov or Dee doe „ 
Firſt, Find the Aſcenſional Difference by the fifth Problem, and the : 
| Right Aſcenſion by the fourth Problem. : 
F . dly, If the Sun's Declination be Northerly, the Aſcenſi onal Difle- 
| rence ſubtracted from the Right Aſcenſion leaves the Oblique Aſcenſion; 
85 and added to the W 3 sives the Oblique nr, ah, 
ir 4 


8 


p —_ * = - I 
— 4 at 4 1 
1 — 
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Thirdly, If the Sin? s Declination be ſoutherly, the Alcenfionat Dif-. 
ference added to the Right Aſcenſion, gives the nn Aſcenſion; and 
ſubtracted therefrom, lea ves the Oblique Deſcenſion. 

Note 5, If the Right Aſcenſion be leſs than the Aſcenfiona Difference, 
* 360 to the Right Aſcenſion, and then ſubtract it therefrom; ; or if 
the Sum of the Kig hr Aſcenſion and Aſcenſional Difference, exceeds 
3660, reject 360", 20 Remainder i is the Oblique Aſcenſion or Deſcen- 
ſion required, - 

PROB. VII. To find the: Time abba gun 8 Riſing or Setting, and con- | 
ſequently the Length of the Day or Night, 
Faſt, Find the Aſcenſional Difference by the 5% Problem, which 
reduced into Hours and Minutes of Time, by allowing for every 15* 
one Hour, and for every Degree leſs than 15, 4 Min. of Time, and lor 
every 15 one Minute of Time. 

Secondly, If the Sun's D-clination be Northerly, hs Aſcerſ onal 
Difference added to 6 Hours, gives the Time of Sun ſetting. 

And lubtraR, therefrom, leaves the time of Sun riſing 
On the contrary, if the Sun's Declination be ſoutherly, the A 
Difference added to 6 Hours, gives the time ot Sun riling, and Tabcrace- 
ted therefrom, the time of Sun letting. 

Thirdly, If you double the time of Sun Seile it gives you the 
Length of the Day * And the time of Sun - riſie doubled, che Length of 
the Night. 


Example 1. In the Latitude $1 EX North, the Sun's Declination 20? 
12 North. 


2 * * * ** 1 7 * 2 * 
— 7 * - 4 Fo 


And the Aſcenſional Difference by the 510 N is 27? 35 ' which 3 | 


reduced i into Time, makes 1 Hour 50 Minutes. 


"Hoc Min. 4 
Therefore the Time 6f een is 1 90 
The Time of Sun riſing 4 10 
The Length of the Da 15 40 
The Length of the Ny . | 8 3 


Ke 2. In the Latitude 51 320 > the Declination 20* 12 South. 


And the Aſcenſional Difference i is * 3 5 „ which makes 0 as wank 
| Hour 50 Minutes of Time. tee | 


Ho. Min. 
The Time of Sun ing „ 
The Time of Sum ſetxinng 4 10 
JC hip: io n= 5 rn ge” 
The : Length of the Night 25 40 


5 5 PROB- 


ing given, to find the Sun $ Amplitude. 


Example. In the Latitude of 51" 32', the Sun 8 Declination being 29% 


12' to find the Amplitude. 
In the Right-angled Triangle a b c, there is given the Leg bc. 20® 
12“ and the oppoſite Angle ba c 38? 28' (by the tenth Caſe) to — 
the Hy pothenuſe a c the Amplitude. 
The Operation. 


As. bac $9" 285 the Complement of the Latitude — 9.7938317 


To Radius. — 10.0000000 
So js ſ. be 20 12, the Declination — 2.881943 


8 6 — Grup 


To ſ. ac 33 43, the Amplitude — —— —— —— 9.7443626 
If the Sun's D-clination be northerly, the Amplitude is to the North 


ward of the Eaſt or Weſt; 3 if the Declination be ſoutherly, to the 
Southward. 


.  PROB. IX. The Latitude of a Place and the Sun's Declination is 


given, to find what time the Sun ſhall be due Eaſt or Weſt. 


Example. In the Latitude of 515 32 North, the Zun 8 Declination being 1 


20 12' North. 
To find what time the Sun ſhall be due Eaſt or Weſt. 


12', and the oppoſite Angle dac 517 32 4 (by the. firſt Caſe) to find 


the Leg a e, the time from fix. e Plate 3 R. 2 2 
. The Operation.” 

is Rating ow cheer re were — Log I0-0000000 5 
To t. c. d a e 51 22, CCE 9. 9000865 
So is t. de 20 12, the Declination—— — 5657633 


To ſ. ae — 16 59, the Diſtance from lix 
Which being reduc d into time, makes one four eight Minutes fere, 


- which added to fix Hours, gives 7 Hours and 8 Minutes, at which time 
| the Sun comes to the Eaſt; and ſubtracted from fix Hours, leaves four 
{ Hours 52 Minutes, the time of his being in the Welt Azimuth, or 


Prime Vertical. 


*PROB. N. The Latitude of the Place: and 1 Sun's 858 be- 


ing given, to find the duns Altitude, Deng | in the Eaſt or Welt Azimuth, 
or Prime Vertical. 

Example. In the Latitude of 5 1 deg. 

20 degrees 12 minutes North, to find t 

or * 
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PROB. VIII. The Latitude of a Place, and the Sun's Declination be- 


In the Right-angled Triangle a d ©, there 15 given the Leg de 20% 


19.46 5 9598 


min. North, the Declination 
e Sun 8 Altitude, being duc Eaſt 


. In 


F332 ]ĩ];»mj „ 
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In the 1 Triangle a d e, there is given the Leg dae 20˙ 12 
| ad the oppoſite Angled a e 71 deg- 32 min. (by the tenth Caſe) to find 


the Hypothenuſe ad. | — F K. 2. 
The Operation. 


As ſ. d a, e 1 32 the Latitude — ——— - — — 98937452 
Me eo pe moons rrp am woo — 19.,0000000 
80 ſ. de 20 12, the Dichivarion=—- —— 944} 
Jo ſ. ad 26 Io, the Alt. in the Prime Pertical — -—- 96444491 
PROB. XI. The Latitude of a Place, and the Sun's Declination be- 
ing given, to find the San Altitude ar fix of the Clock. a 
Example. In the Latitude 51 deg. 3 2 min. North, the Declination 23 
© deg. 30 min. North, to find the Sun's * Altitude at fix Ws 
5 In che Right-angled Triangle a b c, 51 deg. 32 min. (by the ninth + 
= Caſe) ro find the oppolite „ Plate 3. Fig 3. 
7 . Operation. Gent, 
As i . — —— los. 10. ooooo 
Toſ. a c, 230 30' the Declination — m_—_—_ 9.6007000 
So is l. ba c 51 32 the Latitude — 9.893742 


"To ſ. b-c 18 11 the Altitude at ſix —— — — 179.4944452 
5 PROB. XII. The Latitude of a Place, and the Sun's Declination, 1 85 
AM being given, to find the Azimuth at fix. _ 
| Example. In the Latitude 51 deg. 32 min. Nonk the Declination 
23 deg. 30 min. North, to find the Sun's Azimuth at f ix of the Clock. 
In the Right angled Triangle a b c, there is given the Hypothennuſe, a c. 
= 2; deg. 30 min. and the Angle ba c, ST deg. 33 min. (by the ſixth 
| Caſe) to find the — Legab. Plate 1 Fs: "I 
B _ The Operation. . 
As Radius — — — —— Tow. 10. 0000000- 
To t. ac — 237 300 the Declination — — 9.632019 
So is 45 ba c 51 32, the Latitude 9.793831 


To t. ab — 15 03, the Azimuth from the Eaſt — 19.772713 36 
P ROB. XIII. The Latitude of the Place, the Sun's Altitude and 
Declination being given, to find his Azimuth. | 
Example 1. In the Latitude 51 deg. 32 min. North, the Declination 
| 23 deg. 30 min. North, the Altitude 49 geg. 40 min. to find the Sun's 
Azimuth. : 
In the Oblique angled Trize le DPZ, thers i is given the three Sides: 1 
2 * 28. the Compl. oe Latit. 'PD 66® 30 the Compl. o e 
| 2 75 1 


—— 


98 878 1 a. ans. 
PROB. VIII. The Latitude of a Place, and the Sun's Declination "If 1 


ing given, to find the Sun $ Amplitude. 


Example. In the Latitude of 51 32', the Sun 8 Declination being 29% 


12' to find the Amplitude. 
In the Right-angled Triangle a b c, there is given the Leg b c, 205 


12“ and the oppoſite Angle ba c 38 28' (by the tenth 8 to find 


the Hy pothenuſe a c the Amplitude. 
The Operation. 


.10.0000000 


- — ———— Jo 


To Radius. 


So is ſ. be 20 12, the Declination =—— —— — 5381943 


To ſ. a c 33 43, the Amplitnde — —— w— —— 97443626 


If the Sun's D-clination be northerly, the Amplitude i is to the North- 
ward of the Eaſt or Welt; if des Declination be ſoutherly, to the 


Southward. 


3 PROB. IX. The Latitude of « Fes and the Sun's Declination is 


given, to find what time the Sun ſhall be due Eaſt or Weſt. 


 Exanple. In the Latitude of 515 32 North, the Sun' 8 Declination being 


20? 12 North. 
To find what time the 5 mall be due Eaſt or Weſt. 


In the Right-angled Triangle a d ©, there is given the Leg * 20% 
12, and the oppoſite Angle dae 115 32 4 {by the firſt Caſe) to find 
1 the Leg a e, the time from fix. mien 


The Operation. 


A Rad — — 


As ſ. ba c 38* 28, the Complement of the Latitude — 97938317 


— — . Log. 10 0000000- 


To tee. Ge 1 37 * DT de 3 — 9. 86 
So is t. de 20 12, the Declination— —— 3 5657633 


Y To [Je —<16 59, the Diſtance from fix - 
Which being reduc'd into time, makes one Hour FR Minutes fere, 
- which added to fix Hours, gives 7 Hours and 8 Minutes, at which time 
the Sun comes to the Eaſt; and ſubtracted from ſix Hours, leaves four 
Hours 52 Minutes, the time of his being in the Welt Azimuth, or 


Pri e Vertical. 


PROP. X. The Lititide of the Place, and the Sun's  Decliantion be- 
ing given, to find the Sun's Altitude, being 1 in the Eaſt or Weſt Azimuth, 


or Prime Vertical. 

Example. In the Latitude of 5 1 deg. 
20 degrees 12 minutes North, to 110 t 
or Weſt. 


En 


19.46 58598 


min. North, the W 
Sun' s Altirude, being due Eaſt | 


1 2 


8 


Aſtronomical „ * 


* the oppoſite Angled a e * deg- 32 min. (by the tenth Caſe) to find 


the Hypothenuſe a d. Plate 3. Fig. 2. 
he The Operation. 


As ſ. d a e Sr 32 the Latitude 98927452 


— — —_— ——— * — 


* 


To Radius — lo. ooooooo 
Sol. d 20 12, the Declination- X — — — — 9.5381943 


To ſ. ad 26 Io, the Alt. in the Prime Pertical — -—- 9644449 


7 PRO B. XI. The Latitude of a Place, and the Sun's Declination be- 
ing given, to find the San; Altitude at fix of the Clock. 


Example. In the Latitude 51 deg. 3 2 min. North, the Declination 23 


© deg. 30 min. North, to find the Sun's Altitude at fix. 


In the Right-angled Tings a b c, 57 deg. 32 min. (by the ninth - 


Caſe) ro find the To Leg be. Plate 3. Fig 3. 
The Operation. 


As Radius —— — — 


Toſ. ac, 23 30 the c 9.6007000 
So is . ba c 51 32 the Latitude ⁊ . — 9.8937452 


In the right. angled Triangle a d e, there is given the Leg dae 20% df 


— —— log. I0.0000000 


To ſ. bc 18 11 the Altitude at fix -—-- --— -— 79.494445 


PROB. XII. The Latitude of a Place, and the Sun's Declination, 


being given, to find the Azimuth at 0 K. 


Example. In the Latitude 51 deg. 32 min. North, rhe Declinatiou 5 


; 23 deg. 30 min. North, to find the Sun's Azimuth at ſix of the Clock. 


| . In the Right angled Triangle a b c, there is given the Hypothenuſe, a . 5 1 
zz deg. 30 min. and the Angle ba c, $1 deg. 32 min. (by rhe ſixth | 
Cale) to find the e . Plate 3. Fig 13 


The Operation. 


As 18 — — —— — — - Log Io .0000000 
—ͤ — 9,6;8$;019 

9.238317 
T0 t. ab — 15 o8, the Azimuth from the Eaſt — 29.4;21336 
PROB. XIII. The Latitude of the Place, the Sun's Altitude and 5 


Tot. ac — 23% 30“ the Declination 
So is ſc. ba c 51 32, the Latitude —— 


Declination being given, to find his Azimuth. 


Example 1. In the Latitude 51 deg. 3 2 min. Nan: the Declination 
23 deg. 30 min. North, the Altitude 49 geg. 49 min. to find the Sun's 


Azimuth. 


In the Oblique angled Triavg le DPL, there is given the three Sides: 


ZP 38" 28' the * of the Latit. D 665 30 the Compl. of the 
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To - ne llbne * | 
Declination,” or the Sun's diſtance from the elevated Pole, and DZ 40 


20 the Compl. of the Altitude (by the 1175 Caſe) to find the Aue 


DZP, the Sun's Azimuth from the North e Fig. 3. 
The — 


The 52D 40˙ſ 20 e — Co Ar. c. 1889391 
Legs IZP 38 28 Sine — —— Co, Ar. o. 206 1683 
The Baſe DPSG 20 + Sum 725 39 Sine Log. - e 


Sum— 145 | 18Rcm.—06 09 ae, — — _9-0299182 


f ITS 06_ 09 ic. —— 59 44 — OI Tank - half Sum 2024007, 
Which doubled — --$9 44 SC. ae 


The Sun's Azimuth —— 119 28 from the North, 
Exampie 2 In the Lat, 517 32 North, the Sun's Declin. is I5* 16 


South, and his Altit. 19˙ 37'; to find his Azimuth from the North, 
| The Operation e 0 Ss Fig. 4. 
In the Triangle DPZ. . 
There i is given PZ 38. 28' 
DZ 70* 23%, DP 105* 16', and DZP require, 


The 5 20 70? 235 Sine — Co. Ar. 0.0259676 
t V Ar. o. 206 1683 
| The Baſe DP 1 1 You to 107? oz! Sine Log. - — = 9. 9804803 

Sum 3 Rem, 01 47 Le —ͤ — 8 4930399 


4 Sum — —- - v7: 07. — — — Sum 18 7056562 
Rem. — m — 78 59 DIDN'T Sum 9.3 528281 
Which doubled - Sorin: 76 59 produces 55 


The Suiſ.s 1 — — 153 38 from the North. OY 
Example 3. In the Lat. 5 1? 32' South, the Sun's Declin. 23 zo! South 
and his ae 49? 40“: to find his A from the Soutb. 
In the Triangle DPZ. P muſt repreſent the South Pole; then there is 
given PZ 38 deg. 28 mio. the Comp). of the Latit. DZ. 40 "deg. 20 min, 
the Comp). of the Altitude; PD 66 dep. 30 min. the ame. of the 
Declinat ion, or the Sun '; diſtance from the elevated (or South) Pole, to 
find PZ D, the Suns Azimuth from the South. Plate 3. by z. 
"WE Operation i is the ſame with the firſt Example; only as the Axi- 
muth there was accounted trom the North, this finds i it from the South 
part of the Horizon, which is 119 dep. 28 min. 
Example 4. In the Lar. 5x deg. 32 min. South, the Sun's Declina- 
tion is 15 deg. 16 min, North, and the Altitude 19 deg, 37 min. to find 
his Azimuth from the South. Plate 3. Fg. 4 


Rem. 


duced into time gives 


Ia the Triangle DPZ, P repreſents the ſouth Pole, as in the former 


"Pile. 


Then there. is given PZ 38 dep 28 min. DZ 79 deg. 23 min. PD 
105 deg. 16 min. and DZP required. 


'Tne Operation i is the ſame with the ſecond Example, only the Axi- 
mouth found is to be accounted from the South, which will be found 153 


deg 58 min. 


PROB. XIV. The Latkude of the Place, the Sun's Declination and 
Altitude being given, to find the Hour of the Day. 


Example 1. In the Latit. 5 1 12 North, tlie Sun's Declin. is 23 30 
North, and his Altitude 49 deg. 40 min. to find the Hour from Noon. 
In the Triangle DPZ, there is given PZ 38 deg. 28 min. DZ 40 
_ deg. 20 min. DP 66 deg. 30 min. and ore the Hour from Noon 


required The Operation. Plate 3. Fig 3. 
The 1237 68” 20: =: Co. Ar. 0.0376022 
Legs 1 PA 38 28 Sine 5 Co. Ar. o. 2061685 
The Baſe DZ 40 20 * Sum 7257 39 Sine Log. 9.9797764 


Sum. - "1457 18 em! 32 . Sine 9.728027 


— Sum _+9.9515744 
of Sum  9.9757873 
is 


7 SUM... 5 8 


2 
© 
FT | 
* bY 
— 


The Double I 8 deg. 57 mit 37 deg. 54 min. which being re- 


Example 2. In the Latir. 51 325 ' North, the Sun's Declin. 152 16' 


: South, and his Altir. 19? 37', to find the Hour P. M. Afternoon. 
3 the Triangle DPZ, there is given the three Sides, PZ 38 28' «* 


2 70 23' , PD 1035 160 and DPZ required. Plate 3. Fig 4. 
5 The Operation. 
The DP 105% 16' Sine e Ar. 0.015 6029 
JJ. d 
The Baſe DZ 70 22 + Sum 1072 03“ log. 9.980483 
Sum— 24 9 Rem. A 9.776089 
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two Hours 32 min. from Noon; ſo that the 
Hour of the Day is either 2 yours In, min.  Afcernoon, or 9 hours 28 m. 
5 betore Noon. 


. — —— 29.978342 
= 3 — — 5 '40 * 5 44 8 8 1 9.989170 1 
Which doubled, produces 25 deg, 28 min. and that reduced into 
Time, makes 1 hour 42 min. fere. 
PROB. XV. The Latitude of a Place, the Fun s Declination, and the | 
Hour of the Wy given, to find the Sun's Altitude. N 


” 2 . > k of + 
5 . * 1 
wy 4 " wo — 2 
— — * 4 
: * 26. bb - — rms 2 —_ © - <4 2 = 5 \ VIC... 6 — 2 3 
Z * ory wil — — — = - 9 — — — - - 6. m - — => Si — — 4 — = 
ela. — ng Toner 3 oy . 2 = e ALAS — OR " 
\ — = p =Y — _ = r_ _ " 0 _ p — —_ N = —U— — — 
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Example, =_ 


„ 


. polite Angles, Viz. PZD, (by Caſe the third * 


181 "Aſtronomical Problems. 


Exanple In the Latitude of 51 deg. 32 min. North, the Sun s Decli- 


nation i is 23 deg. 30 min. North; the Hour, 1 Hour 53 min. Afternoon 
To find the Sun's Altitude. | 


x hour 53 min. reduced, makes 28 deg. 15 min. 
In the Triangle DPZ, there is given the two Sides, PZ. 38 FI 23 min, 


DP 66 deg. 30 min. and the contained Angle DPZ 28 deg. 13 min. and 
the third Side DZ required. (by Caſe the 9th) 


The Operation. ; Plate 3. ug. 3. 


As the Radius — — — — — — - T0.0000000 


To fc. DPZ. 28? 15' the contained Angle —— — —- 9:9449220 


So is t. PZ. — 38 28 the leſſer Side — —— —9. 90 865 
To t. 34 59a fourth Arch 


r 
From the other Side PD—- —— 66* 30 


Subtract the fourth Arch. ——34 9 
The 9 is the reſidual Arch — 


Co. Ar. | 


As ſe, 8 34 o' the fourth Aren 0. o8 65471 


To ſc. 


— 31 zu the reſidual Arch -— 9.930688; 


Sol 15 ſc. DE 38 28 the leſſer ſide ——B— 8922472 | 


To fe. DL, —— 35 27 the fide ſought . — 79,9109806_ 
Whoſe Complement 54 deg. 33 min. is the Altitude required. 15 
PROB. XVI. The Latitude of a Place, the Sun's Declination, and the © 
, Hour given, to find the Sun's Azimuth. 


; Example. In the Latitude 51 deg. 32 min. North, the Sun” 'S Declins- 
tion is 15 deg. 16 min. South, and the Hour 1o hours 18 min. in the 


Morning; ; to find the Sun's Azimuth. 


The time from Noon is 1 hour 42 min. 

Which reduced, is 25 deg. 30 min. : 

In the „Triangle DPZ, there is given the two Sides PZ, 380 28, PD 
105 16', the contained Angle BPZ. 25 30', to find one of the op. 


Plat Fig. 4. 
_ L en The Operation. 225 8 
PD 10; "= 

„„„„ßCõĩq² RS IO POD, 
Sum 143 44z Sum 71 52 pz. 4 of 30 
Diff. E 48 2 Diff 33 24 the half 12 45 


Co. 


Aferonomical Problems + 1 03 


As . Zera. DP and PZ —— 71 52— — — 000221434 
To l. - Xcr” — — —33 24. — — 6. 7407421 
So is tc. — — f——. | 
To t. 2 X£s PDZ and TMJ we BY Yn — 10.408 2263 


| TT Co .. 
As ſc. 2 Zers, DP and PE 77A 290.5069194 
r | IB. pomorera eros... 
So is tc. DZP ——— — 12 ee 10.6453528 
To i : ZLs PDZ ang PZD— 85 10 e ol ; 
x XLS 68 13 


- Sui 153 49 DZP required 

Which is the Sun's Azimuth from the North. | 
PROB. X VII. The Latitude of a Place, the Sun's Aliitude and Azi- 

muth given, to find the Hour. 

1 Example. In the Latitude 51 deg. 32 min. the Sun's Altitude 49 deg, 4 
40 min. his Azimuth 119 deg. 44 min. from the North; co find the 
Hour Afternoon. 
In the Triangle DPZ, there is given the two ſides DZ 40 deg. 20 min. 
PZ 38 deg. 28 mit, and the contained Angle DZP, 119 deg. 44 min. 
and the oppoſe Angle DP. required, (by Caſe che third) 
8 The Operation. Plate 3, Fig: 3. 
"DE 4 20 2 : 
. 


Sum 7 78 48 5 Sum 39 24 DZP 119? 4 


"To ©. 1 Kees. = — — 00 56 — — $,2113949 
$0 is te. % DZP ——= — —59 52— ——_——, 7637702 


To . NI DZ and DPZ — 00 1 — 1730757 


Co. Ar. 
ks fe. Zera. DL and PZ, 3 24 — — — 0.111970 
3 — —— SAR 


To t. 2 : ZLs PDZ and DPZ e 545 — — — 19. 8756878 8 


2 836 14. 
r 
— 45 DPZ required, 


2 
Note 


Co Ar. 


. Diff. or 52 1 Diff. 00 56 „the, half 5053 Co: tæIl 
| As f. 1 Zcra. D. ant PZ — 9 24 — — — 0. 197406 5 | 


104 | ene a | 


Note; DPZ i is the greater Angle, becauſe oppoſite to the greater 
fide DZ; 37 45 reduced, makes the Time 2 hours, 31 min. Afternoon, 
PROB. XVIII. The Latitude and Longitude of a fixed Star being gi. 

ven, to find the Right Aſcenſion and Declinat ion. 

Example. The Longitude of Caſtor is 15* 33' of Cancer, and his Lati- 


| tude 10* o North; to find his Right Aſcenſion and Declinat ion. 


In the Oblique Triangle DIP, there is given two Sides, IP 23 deg, 
30 min. the Dittance between the Pole of the Eęuinoctial and the Pal: 
of the Ecliptick ; ID 79 deg: 58 min. the Complement ot the Latitude, 

and the compined Angle DIP, I5 deg. 33 min, the Longitude from "Fs 

cer: To find one of the oppoſite Angles DPI, the Complement to 180 
ot the Right Aſcenſion from Cancer; and the third Side DP, the Comple. 


ment of Declination. Plate 3. OG. 5. 
3 * For the Right Aſcenfun. 
by 3 5 
* b 


RG: To == 28 + Sum NIP, DIP 139335 
Diff. 1 28. Difl. 28 14 DIP 07 46 


a 1 
45 C 275 WT 
| Tof. 1 Nerz. —— 28 14 — —— 9.674914 


Jo is cc. : DIP — —— 07 46 — ——_—— 10.862165 
To $ Xl DPI and IDP 7 7 — — 10.645 1906 


Is Co. Ar. 
Asſc.: Rer?, ID and IP - — 51 . — — 3 — o. 2080832 
To ſc. z Xcr⸗. —— 2814 — — — 9,9449899 
So is tc. DIP —— 07 46 — —— — 10,65 216; 
To t. Z Cs DPI and IDP 84 — morn 114.0182896 
2 Zls 84 31 
2 Xl 77 4+ 


Sein 161 46-DPI 
Whoſe S to 180 deg. is 18 dee. is min. the Right dunks 
from Cancer; the Right Aſcenſion of Cancer is 90 deg. and therefore the 
| Right Aſcenſion from Aries is ros deg. 14 min. 

Por the Declinatiom e Ar. 
edle 161 46 the Compi. of the Right 4 — . 5046117 
T0 . DI — 79 58 ihe Complement of the Latitude 9.993 3068 
So is DIP 15 33 the Longitude from Cancer —— 944282631 


* DP * 32 che Complement of the Deel lin. — 19. 500 hol 
Whoſe 


Aſtronomical, Problems. 


Whole Complement 32 d ..28 min. is the Declination Waden 


PROB. XIX. The Right. \fcenfion and Declination'of a fixed. Star 


being given, to find the Lon; itude and Latitade thertof,”” 
 Exaruple. The Right Aſcenſion of Caſtor is 18 15”, ahd bis Dectina- 


tion 32" 32 North; to find his Longitude and Latitude. 


In the Triangle IDP, there is given the two Sides, TP 23*30'; PD 


57 28, and the. contained Angle DPI 161 45”, to find the > ppofit 


Ang le lr, and the third ſide DL (by Cafe the third) 


* 


As ſc. Zero, PD and IP- 


bine. . 
The Operation. '7 0 find the Longithide © 5 
PD $9” 28 5 | 3 | | 
MSC... - eee 
Sum _8$ 585 Sum 40 29'] per. (as 
5 T7] TE EDI 16 f. . 80.32. 


| Y . 
As 0 Tore. PD 7 IP- — 3 ere ee Tt 
To l. 3 3 er. —16 $9 — — — — 9.465219 
So is t c. 4 DPI —— — 0 5 — 98.081072 
To t. 1 X£s DIP and -a. 08 — — nnd 8593326 
. 

40 29 — — — o. 1188466 


„ 


To ſc. +. Xer« 1 
So is t e. « DPI. 


o 248 DIP and W” — us — — — 79.3056887 | 


e 


7 1 RLls 04 O8 
Sum 35 33 DIP the Longitude from Cancer. 7 hf 
2 7⁰ 7 ͤAA c. 47. r. 
55 481 DIP - 15* 33 the Longitude from Cancer 0.57 17269 


Toſ. 8 — 57 28 the Complement of Declination — 9 9258681 

So is ſ. DPI — 161 45 the Compl. of the Right Aſcenſion 9.495 7716 

To ſ. DI 80 ol the Complement of Latitude —; 9. 9933766 
PROB. XX. Tbe Diſtance of a Planet, Comet, or Neu Star, from two 


known fixed Stars being given, to find the unknown Sar 8 1 
and Latitude. : 


Example. 'The unknow Star? 8 Diſtance from the Swan's Beak is 4g? 
05' and from Perſeus's Side 8 3 deg. 57 min. to find the Lang ieage and 


Fran Wo N. | Of : 


30 oz N e a 
Here 


5 Latitude, thereof. 


Of the Swans Beak, 2 26 39 


Long — V 3 12 


15 
N 
* . 


we 105 el ee Problems 


Here 16 ENTERS the Poles of the Ecliptick, A the Swas' s Baut, D 
Perſeus's Side, B the unknown Star; then, 4 

I. In the Triangle ADI chere is given two Sides, AT 40 dep. 58 min, 
the Complement Latitude of the Swan's Beak, DI 59 deg. 55 min. the 


„ Complement Latitude of Perſeu: s Side, the contained Argle AID 120 
deg. 33 min. the Difference of Longitude nt xa the | wo Stars, and 


the Angle DAI, and the fide AD required. 15 Plate 3. Fig 6. 

OY 575 Operation nt 8 Co A,. 

As 1 Zcr. Al and HI e ee 0. 1130110 

To 1. 2 Ner- line 

So is te. 21 Ad 60 16 — — — 9.256758) 
To t. 5 XS DAI and ADI— 06 N — 29. 0858664 | 

= Of Af 

As fe. Zcra Aland DI — Sip 1 0. 195872 


To ic. x Kere. — 
WES $f te. = AID - 60 16 ————— 9755 57587 
T0 t. 2 ZLs DAI IA ADI - — 41 8 e 
— The FIT DAL i 1s yy 25 N 


Cc 104 — dS 75— 7 1 75 l 
8c i. A512 33 —————9.9350969 


70 . AD — — ——85 2. —7 9.83% 


2. In the Triangle ADB there is given three des, AD 85 deg. oꝛ 


min. the Diſtance between two known Stars, AB 49 deg. o5 min. the 
| unknown Star's Diſtance from the Swan s Peak, BD 88 deg. 57 min. the 
4 Diſtance from Per ſeus's Side; and the 1 85 DAB required. 


The Operation a, Rn Fig. 6. 
89 — — 385 oz“ Sine hwy Ar. c.oo16337 


AB———-— 49 os 1 HITS — Co. Ar. o. 1216719 


Sum — — — 22 02 _Rem.—22 35 Sine 


— 


5 Len 19.676 2451 


— — -09 28 — ͤ!v—— — — 9 9940449 


FD —— — 88 57 Sum 111327 Sine —.— 9.968578; 
95843615 


5 e. eee 35 Se. 6 BY. 6 28 half Sum — 9.8381227 


Which being doubled, makes 92* 56, "the Angle, DAB required. 


Which being added to the Angle DAI, the Sum is the Angle BAI 


141 deg 21 min. 


3. In the Triangle ABI there is given, the two Sides, AI 40 deg; 
38 min. AB 49 deg: O5 min. the contained Apgle BAL, 41 deg. 21 = 
and 


%. 4 


PA = }2Þv > fc £53 


Aces d 10 = 


rand the Angle ATB, the Difference of Longitude between the unknown 
Star, and the Swans Beak, and the Side Bl, che Compl. of the unknown 


5 Sar! s N W required. cY Plate 3. Fg 6. 
| | 15 The Operation 1 | 


| : Co. Ar. 
A5 f. ow. "Al and AB - — 45 1 a 0. 1503885 
to f.! Net. ————— 4 —— — — 88489707 
So is te. BAL 70 40. —— 9.545192 
Tot. 5 ABI and AIB —02 00 ome —— 18. 5444785 * 
1117, G8) AF ©: 
1 .! Zera, Al 110 AB — 0 —.—.—. gift 
To ſc. era, —_ 04 0} 9. 9989141 
So is tc. = - BAI — — 70 da ne: 
To t. Z Is ABI and AIB 26 20 — ——.— 19,6946748 
| The Angle AIB is 28 deg. 20 min. which added to the Longitude 
of the Swan s Beak, Y 26 deg, 39 min. makes the unknown Star's N 
| rude to be & 24 deg; 59 min. 
As ſ. AIB — ———— 28 20' — — - 0.3236719 
To ſ. AB eee 
So is ſ. BAL — — 141 21 — 9.791751 1 


To ſ. BL . 83 57. ———"79'997575t 
| Whoſe 8 to 505 that is s 6 3' is the 0 Star 
Latitude Northerly. 
' PROB. XXI. The Meridian Altitude of an unknown Star or Planet, 
and the Diſtance from a known fixed Star being given ; to find the un- 
| known Star's Latitude and Longitude. 
Example. In the Latitude 5x deg. 32 min. North, the Meridian Alti- 
tude of an uoknown Star is 3o deg- 36 min. and his Diſtance from the -. 
Star in Cepheus's Girdle is 84 degrees 32 3 to find his Longitude 
and Latitude. _ 
The Meridian Altitude of the Star being x given, his Decination is alſo 
ven 
: For the Merididn Altitude ſubtracted from the Comple ment of the 
Latitude 38* 28', there remains 7 52' the Neclination South. _ — 
Firſt, Therefore in the Triangle AOp, there is given the three 
Sides OP 20 deg. 52 min. the unknown Star's Diſtance {rom the North I 
Pole, AP 97 deg. 52 min. the unknown Star's Diſtance theretrom, AO iſ 
84 deg. 32 min. the Diſtance between the two Stars, and the Avg le APO 
required, being the Difference of trad berween 49 wo. 
Stars by Caſe the r | 1 us 4 Fig 7. 


Oo: d 1 fe The 


— 
— — 


3 1 
; . 3 i „ a 
© C © * 
"0 . . p = . * # bh 7 * „ 
2 of : , 1 ” 5 * 3 * n e On $ q " p 4 - : : + g * J Co C 
. 7 G | : 2 FY * 23 9 4 /'3 2 — * — , a 0 : " — — 2 <a — — + - * — — my 2 n — 
- A n ro > * — — ” Hs * * — - — - A — - — my "= 5 2 * 
" ella DD eee > OI . 322... ͤ ——— EE IND Fo —— —-— af — & — 8 < Go l 
P wy OPTI —— 2 = 8 
. - = hd » \ \ = __ — : — _ 
Z * # l l R _ y I 4 . l - * 2 — = — - b - . " I x Pg TI oh Ts 
- — _ 2 — — ns ———— — — . 


Lee Problems, 


* 


51 + y * Mee a * * Phi | 

'97 52 Sine — Co. . 4 ns 

101 38 Sine e ee 

. 4 78 of. Pon GR Ot 684069 
J ĩ no; lA 0-19. Sum, 16 224 ITY 


<2} Which doublet i is 50 = Is min. ue An APO: A 1 
1 T be Rice Aſcenſion of Gephens's Girdle is 3 L. o to, which adding = 
t | $0* 46“ (the unknown Star being to the Eaſtward of the known Star) 
F  produceth the Right Aſcenſion of the unknown Star 117 48“ 

| Secondly, Then having theunknown Star's Right Afcenſion and Decli- | 


nation, you may ſind his Latitude and ee Prob. 19. 
P ROB. XXII. Having the Latitude of the: Place, the Sun's Right 
Aſcenſion, andthe Altitude ol ein fixed Star, to find the Hour 
of the Night. Net 
Example. In the Latitude of 515 32 the Sun's Right Aſcenſion being 
2285 45! and the Altitude of. Aldebaran 3; oe 58.5 to the. Eaſt ward of the 
. Meridian; to find the Hour of the Night. f 
be Right Aſcenſion of. Aldebaran | is 64 deg. 10 min. and! his Decli 
| nation, 15 deg. 46 min. 
nm the. Triang] e APL, 5 4 is eiten the IH ides PZ 38 28 the 
Complement of the Latitude; AZ 51 025 the Complement of the Stats 
Altitude; AP. 74 145, the Complement of his. Declination, to find the 
BD Angle APZ, 5 Ditterence of Right Aſcenſion between Medium Cali 


and ws. N . a 5 Plate 4: Pig. 8. 
77 Operation, . W 
Ap. Sine 74 14 — — —— — — Co. Ar. © 00166551 
PZ... Sine 38 28.-— . —— - Co. Ar. Ke hou ot 14 
1 : Sine ze 50 any 7 on — 9.209729) 
1 FT. Som 19.9281628. 
9711 G e Fe. 22 59: — — TI IT. = ARGON Hs 


Which doubled, produces 45⁵ 4 a ; 
This ſibtraged from the Right Aſcenſion of. Aldelaran leaves 18˙ | 
12 the Right Aſcenſion of the Mid Heaven. Add 360.deg. to 18 deg. | 
12 min. and from the Sum Subtract the Sun's Right Aſcenſion 228 deg. 4 
mia. the Remainder:149:deg; 27 min. reduced into Time, makes 9 Hours 
57 Minutes 48 Seconds, the Hour of the Ni ight ſought. ._ | 
PROB. XXIII. Two unequal Altitudes of the Sun taken i in one Day, 


i with the Time between the Oblcreations, + and the Sun” s Declina- 
| tion, 


Fg 


PCC gg 


is , 
g Ars 7 


* 0 
* * 


— 


D 


 Aferonomical Problemy. "769 % k i 
vation, „ being der: to find the Latitude of the Place of Obſer- nn 
vation . 
Example. The two Altitudes are 43 deg. 6 mile. ad 56 s&wes 34 
min. the 'Time between the Obſervations is two Hours, and the Sun's 
Declination 20 deg. 14 min. North; to find the Latitude of the Place 
Northerly. 
In the Right angled Triangle ABP, there is given the Hypothenuſe 
AP 69 deg. 46 min; the Complement of the Declination, the Angle 


_ APB 15 deg. half the time between the Obſervations, and the oppo- 
ſite Leg AB as Plate 4. Fig 9. 


8 The Operation, 
ART N r —— 2 
To ſ. ate 03 — — — 


328 — 3855342 
Which being doubled, gives AE 28 deg. 6 min. 


Secondly, In the Oblique angled Triangle APE, there i is given the tw 10 A 
Sides AE 28 deg 6 min. EP 69 deg. 46 min. the Oppoſite as | 
30 Gy oo min. Ine! the other Wen Angle EAP en 


Plate 4. Egg. 
The 0 peration 


335 —— by 
To l. APE ———— 30 00 — — — 9 6989700 ; 
So is ſ. EP — — 69 46—— —— — 


To ſ. EAP —— 84 — — — 8e 
Thirdly, In the _Obligue- og: T . AZE, there 4 given the 
_ three Sides: AZ 337 26', the Complement of the greater Altitude, EZ 
46 54' the Complement. of the leſſer AE 28” 06',and'the-Angle'EAZ. 


— —_—_ — 


bags red. | Plate 4. Fig 9. 
: e The a yy A 
9 AZ Sine 33 26 — — eee e Ar. 0.2588750 
r Sine 28 06 ——— — — Co Ar. c. 3269681 

d $ Sine Sum 64 1... . 9.90 9 44, 
18 Am. Sine 9 I r 
23 ö Sum 19.799998 8 

Me 50 52 half Sum, 9.79999 
Which doubled, Produces EAZ Tor de 2 


grees 44 minutes, from which 
ſubtracting EAP 8 4 deg. 54 min. there remains PAZ 16 deg. 50 min. 


 Fourthly, In the Qbiique-angled Triangle APZ, there is given the 


two Sides AP 69 deg. 46 min- AZ 3; deg. 26 min. the contamed An- 1 
ge PAZ 16 * 50 min. and the: third Side PZ ed ae 


. 


x * * 


* 2 N 
* 4 
1 1 I 8 


Ass ſc. of the fourth Arch 3 2 22 — 


? 
. 
: 
N 
. 
8 


= 
* 


LE - 


Aſtronomical Problems, 
The 1 | Plate 4 Fig. 9: 


Io ſc. 1 — I 6? 15˙ II UL en LD 799 

So is t. AZ. — 26 nn I ee 9.819844 

Tot. of a fourth Arch "OM 22 — —— 49.8019782 
4 J 


0. 0733286 
Ass ſc. of the Reſidual — 24 — — — —— . 9000472 
So is ſc. AZ — —— 33 26————ͤ——— 9,921 4406 
J0 fc. PZ — 38 17. —.— — — 19.848164 
Whoſe Complement —— 51 43 is the Latitude Nortberly. 


PROB XXIV. Two 8 Altitudes of the Sun, and the Difference 
of their correſpondent Aximuths taken in one Day, and the Sun's. 


Declination being given; to find the Lat. of the Place ot Obſcrvation, 


t Example. The fitſt Alentude is 43 deg 6 min. and the ſecond Alti- 
| tude 56 deg. 34 min. the Difference of Azimuths 39 Degrees 16 Minutes, 
and the Sun's Declination is 20 Degrees 14 TO n: to find the 


Latitude of the Place Northerly. 
Fiiſt, In the Oblique angied Triang le AEZ, there is given the: two : 
Sides AZ 33 Degrees 26 Minutes, EL 12 Degrees 54 Minutes, the con- 
tained Ang i AZE 39 degrees 16 Minutes, the Difference ot the Axi- 
 wuths ; * and the Angle EAZ, and the third vide AE required. 


7 he * os Y Plate 4 "Fig. 9; 
4 15 ee Ar. 
As C Zer. AZ and ws — 40 10 — =— —_—_——1904314 
To £.- NXcr⸗.—— — 8 4 — —— 6074 
So is tc. 2 : AZE ——— — 1938 ———— 10.477486 
To t. ; Xl EAZ and AEZ 27 00 — — — 19.707 1874 
EE OR Co. Ar. 
As Rery, AZ and E. 40 10 ——— — 0.116809. 
Toes, Ker. — — 606 4(— DſDDw— 9.9969 
So is tc. L AZE —— ——19 38 —— = w_ — 0, 
To t. 2 A2Zes EAZ and AEZ 74 6 29.561419 
The Angle EAZ 101˙ 3 Cee. Ar. 


A. EAZ —— — 1 3 ——— % %% 
To l. EZ — — — 46 54 ——— — - 9.8634194 
So is ſ. AZE —— — 39 16 — —— —.— — 9.80133 61 
To ſ. AB —— — — 28 09 —— — ö 796738107 
Secoudiy, In the Right angled Triangle ABP, there is given the Hy · 


Fot henuſe AP 69 deg. 46 min. the Leg AB 14 deg. 04 min. the half of 
. AE, and the he * BAP required. | The 


Aſtronomical Problems. 


| The Oper ation. 
As Radius - * — U — — 


„ ũł ꝓiU x Sona —9 5665424 
So is t. BA 14 04 — — —yt — — — — 93989191 


To ſc. BAP 84 42— — 3 18. 654015 
From the Angle EAZ Tor deg: 39min. . ſubtract the 5 EAP 94 
deg. 42 min. there remains the Angle PAZ 16. deg. 57 min. 
Thirdly, In the Oblique-angled Triangle PAZ, there is given the two 


Sides AP 69? 46' AZ 33® 26' the contained Aut PAZ, 16* 57, and 
the ng Side PZ 2 7 DS 8 . 4. 85 9. 


25 Operation. 


ba. | 


Vn = 
, . Fe” . c | » | 
l "% 
f 
W 
— k ve 4 
$ | 
% * p 0 


To ic. VAT. — ä—üwũ. — 160 57 r 9. Tos 


So is t. AT —— 33 26 —— ———--- 98196844 | 


Y — 


To . of a fourth Arch 32 1 —— — — 49. 8003964 1 
| . 5p | Co. Ar. | "i 
a ſc. of he kh Arr 33 16˙ — — — Q, 0728491 1 


To ſc. of — — —17 3 — —— 9. 8994667 
So is ſc. AZ 


— — 33 26 — — — 9.924406 
N 38 28——.—— ** 


Whole N — ͤ : — * 22 is 5 the Latitude North. 


— 


2 * 
— wt 


— — 
1 6 


SE c f. 1. Containing the * ee dennis To 
The Prolomaick Syſtem, g 


HE n "PRE is that which was by 7 invented, and 
ſuppoſeth the Earth to be fixed as the Center of the World, and 


thar all the Celeſtial Bodies move round the ſame in their Diurnal and | 


Annual Revolutions. 
The Worid is ſuppoſed to be divided principally into two Pars, * 


a lementary and Celeſtial. 


The Elementary admits or four Divi6 ons. 
The firſt is the Earth. 


I ) be ſecond is the Water; both which make one entire Body or Globe 
whereon we dwell. | 


The third is the Air, encompaſſing the Earth. 
And the fourth is Fire, which according to the Opinion of ancient 
Philoſophers, i is contained in that Space berween the Air and the * 
ol the * as FI may ſee in the 5 Figure. „ 


1 I be Planetary Syſtem. 
| The . & the e — 


Theſe four 1 are ubs © to a 1 FT and Alteration 
one into another, according to the Proverb, Omnia Sublunaria matabilia. 
* The Celeſtial Part is that which is without theſe Elementa ry Parts void 
of all Changes, and is by the Ancient  Afironomers divided into ten Parts 
or Heavens. 
Ihe firſt of which, next to the Region of Fire, i is the Heaven, or Otb 
of the Moon, 
Due ſccond of Mercury. The third ol Venus. The fourth of the Sun, 
The fifth of Mars. The ſixth of Jupiter. The ſeventk of Saturn. 
'The eighth of the Fixed Stars. The ninth i is called thi CRE Hea- 
ven. The tenth the Primum Mobile. The 


The Planetary Syſtems. 11 


The Magnitude of theſe Heavens is known by the Courſes which 
thoſe great Bodies within them make round the Poles of the Zodiack. 
The Moon runneth through the Heavens by her own natural Courſe 
from Miſt to Eaſt, in 27 Days, 8 Hours. £1 
Mercury in 88 Days. Veuus in 225 Days. And the San in a Lear. 
Mars in 2 Years. Jupiter in 12 Years. Saturn in 30 Years. . 
The Eighth Heaven perfects its Courſe, according to the Affirmation 
of Tycho Brahe in 25400 Years. | e 
Theſe Heavens are turned about upon the Axis of the World by the 
tenth Heaven, which is the Primum Mobile, or Firſt Mover, by which 
Motion is cauſed Day and Night, and the daily riſing and ſetting of the 


Heavenly Lights Va 
. The Tychonean Syſtem. 
| IC . 


— 


4 


N 
This Hypotheſis derives its Name from the Author thereof Tycho | 
Brahe, a Nobleman of Denmark, the moſt famous Aftronomical Obſer- 
Vator in the World in his Days; who by his own Obſervations did i 
— r ee : — 2 


114 I )ʒbe Planetary Syſtems. 
tify the Places of moſt of the Fixed Stars, which appeared in that Horizon 
wherein he lived. This famous Man, according to his preſent Appre- 
heoſion, framed this Hyporhefs of the Heavenly Motions, wherein he 
ſuppoſeth, that Venus, Mercury, Mars, Jupiter, Saturn, in their Motion 
reſpeQ the Sun as their Center; and the Sun and Moon the Earth; and 
that Saturn in Oppoſition to the Sun, is nearer to the Earth than Venus in 
Apogeon; and that Mars in Oppoſition is nearer the Earth than the Sun it 
felt; as may appear in the ſaid Hypotheſis. SA 


| The Copernican Syſtem. 


This Hypothefis was firſt invented by Pythagoras, and revived by Coper- 
nicus a famons Aſtronomer of Germany, who lived in the Year 1500, who 
ſuppoſes, j 
1. That the Sun is placed in the midſt of the World, in or about the 
Center of the Sphere of the Fixed Stars, and hath no Circular Motion 
but Central only. . ) py The 


* 
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2. The primary Planets are each. of them in their proper Syſtems mo- 
ved about the Sun, and accompliſh their Periodical Revolutions moſt 
exactly in their determinate and appointed Times 

That the Earth is one of the Planets, and with her annual Mation 
about the Sun deſcribeth her Orb in the middle between the Orbs of 
Mars and Venus. 

4. That the ſecundary Planets are ordinarily moved about the primary 
"Planets reſpecting their Bodies for their common Nodes and Centers. 
FJ. That the ſecundary Planet, the Moon is moved about the Earth, as 
her Center, where, by reaſon of the annual Motion of the Earth, ſhe 
hath not only relation to the Earth, but by conſequence to the Sun, __- 
have the other Planets. 
6. That as this primary Planer, the Earth, is invironed with the Sphere 


of the Moon; lo are ſome of the other primary Planets, who have in like I 


manner their r Moons or Concomitants encompaſſing them, 


The Motion of the Planctary Stem, we 6, 


Huf. T he Sur hath only a Rotation from IWeſt to Eaft, upon his 


= own Axis, in the ſpace of 26 days, or thereabouts. 


 Seconaly, The Planer Mercury performs this Revolution about the 
Sun in cighty eight Days; which i is noted in the Scheme with the Fi - 
ure 19 
be 7 birdly, T he Revolution of Venus i in 225 days, noted by the Figure 
2.2 
Fourebly; The Revolution of the Earn with the Moon in one Tear, 3 
noted by the Circle 3 ©. 
Flifthly. The Revalation of Mars in two Years ; noted by 4 1 
Sixthly, The 1 of Jupiter, with his four Companions, in 12 
Tears; noted with 5 Y 
| | Seventhly, The Revolution of Saturn, with his Ring and Moon, in 30 
| years; noted 6 Hh, 
The Moon circumvolverh the Earth every Month ; Jupiter's four Ate 
tendants him, in time correſponding their Diſtance from him. 7 
| The firſt, and next him, in one day 18 hours. 
The ſecond next without that, in 3 days 13 hours. 
The third in 7 days 4 hours. 6 
And the fourth and outmoſt, in 16 days 8 hours: 
Fturns Moon moves about him in 16 days; and all from wh to 


Eaf a according to their Reyolutions about the Sun, 
— — — Kuitura, 
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The Planetary Syſtems. 


Semen, Jupiter, Mars, the Earth, Venus, and Mercury (whoſe Re: 


volutions reſpect the Sun only) are called Primary Planets. 


The reſt that move again about Saturn, Jupiter, and the Earth Hate 
Second ary Planets. 
The Earth hath a Revolution upon her Equinofial Poles 1 in 24 hours, 


from Weſt to Eaſt. 
The Secondary Planets are all of them much leſs in Magnitude than 


* their Primary, * all the Planets together much leſs than the Sun, 


from whom they all receive their Light, Virtue, and prir cipal Power : 


: of Motior. 
For without the Planetary Sy ſtem are placed all the Fixed Stars, in {es 


veral Diſtances, but all unto us incommenſurable.. The Paralax of the 


5 Earth's Orb being incenſible in any of their Places. 


A Ne a hos of the Golden Number, Cycle of the Sun, Roman | 
Indict ion, Epact, and Leap-Year. . 


'H E Golden Number or Prime, is a Circular Revolution of 1 9 Years, 
3 in which Term of Years it bath been anciently ſuppoſed, that the . 
Sun and Moon do make all the variety of Aſpects one to another. 
The Cycle of the Sun maketh its Revolution in 28 Years, becauſe in 
_ that time all the variety of the Dominical Letters and Leap Tears are 
expired, and the 29th Year the Cycle doth begin again; which Number | 


s to find out the Dominical Letter for any Year paſt, preſent or to come, 


The Roman Indiction conſiſteth of 15 Years, and is ſet down in the 
Sane and Writings of the Protonotaries of the Pope of Rome; for once 
in 15 Years the Nations were to pay Tribute to the Romans, : 
Ihe Epa# is a Number never excceding 30 Days; it is the 11 days 
and fix hours, which added to the Lunar Tear, being 354 Burr, do make 
it equal to the Solar Tear, which is 365 Days. 
The Leap Lear is every 4th Year, "which hath one Day more in it than 
a common Year; this Day is made up in 4 Years, by the odd 6 hours 
that are over and above 365 Days, which Day is added after the 24th 
of February: So that in the Leap Year February for 29 Days. And here 
note, that the Prime and Dominical Letters, and the Cycle of the Sun, 
change the firſt of January; and the Epat the firſt of March ; and the 
Roman Indiction the firſt of September. 


Memorial V. erſes on the Eccleſiaſtical and Civil Kalendar, &c. 
To know if it be Leap Year, 


Divid the Tear by 4, What's left ſhall be, 
For Leap Tear 0, for paſt, 1, 2, or 3. 


HERE 


3 Verſes. I 117 
| H E R E you may omit the Hundreds of the Year of our Lord, and 


divide the Reſidue by 4. 
_ For Example, 
Anno 1725, omitting the Hundreds I divide the Reſidue, which is 1 
by 4, and there remains 1, which ſhews it is the firſt after n 
4 To find the Dominical Letter. 


Divide the Tear, its 4th, and 497; 


What's left ſubtract from 3; the Letters given. 
* B 2, 3, % EJ, F 6, . 
Example. 
Ot the Year of Cbrinn — 1725 
The 4th Part (omitting Fraction) eee, 
To both which | add the Number — — — — 4 


The Sum is —— 2160 
Which divided by 7, there 1 left 43 which ſubrrated do 7. have 
| teſts 3; which ſhews the Dominical Letter for the Lear 1725, is the 3d 


in order of the Alphabet, that is C. 


But the Leap- Tear hath two Dominical Letters; the latter found by 
this Rule ſerveth from St Matt hias's day to the Tears end, and for find. 
ing Eaſter; the former (next following in order from A to G, and begin- 
ning again at A) ſerveth from Neu Tears Day unto St Matthias. 
For the Golden Number, Cycle of the Sun, and Indiction 
I ben 1, o, 3, t0th Tear hath added len, . 
 Diviae by I9, 28, 1. 
| Example: 
Te 0 17 733 I add 1 the Sum 1734 I divide by 19, and there remains 
5, which is the Golden Number for the Year 173 3. 
Again, to 1733 I add 9, and the Sum 1742 1 divide by 28, the Re- 
ſidue 6, is the Cycle of the Sun Anno 1733. 
Laſtly, to 1733 I add. 3, the Sum 1736 divided by 15, the Re- 
mainder xr, which ſhews it is the eleventh Year of the Indiction for the 
Tear I 
-; he . or Golden Number being. given to 2 the Epe. 
Divide h 3, for each one left add 105 
Jo rejett ; the Prime makes Epatt then. 

Example. E 
Anno 1733, the Golden Number F, I divide by 3; and there i is left | 
= therefore ten times 25 which is 20, added to 5, the Sum is 25, 

\*-. "WS 


1 18 — . Perſes. 


The Epact for the Year 1733, Which Sum had it exceeded 30, 30 muſt 
have been taken from it. 


EY the nineteen Ebac, to find the Day of Eaſter — fro the 
beginning of March inclufively. 
The Epafis take from 47; but two, 
7 he pare take from 77; twill do. 
Example. 
Anno 1733- The Epact being 25, 1 ſubtract it ſrom 47, and he Re 


ſidue 22 is Eaſter Limit, Anno 1733s that! E March 22d, ebenes from 
the beginning of March inclufively, 


But when the Epact is 28 or 29, it muſt be ſubtracted from 77, that 
ſo the Limit may remain. And the next following Sunday after the 
Limit is always Eaſter Day. 


Eaſter Limit, and the Domizical Letter job given, to find 
Eaſter Day. | 


hel Lot: more by 4 from Limit take ; | 
What's left from neareſt Sevens, ſhall Eafter make. 


Or thus; Take the Number of the given Letter more by 4 from the 
given Limit, and the Reſidue from the neareſt greater Sum of Sevens; 


bdꝛme laſt Remainder added to the Limit; the Sum, o or its Exceſs above 


33, is Eaſter Day in March or April. 

Example. Anno 1733, The Dominical Lender is G, which is the ſeventh 

Letter in order, which more by 4 is 11 ; which take from the Limit 22, 

the Reſidue is 11; this take from the "neareſt greater Sum of Sevens, 
which is 14, and there remains 3, which being added to the Limit 22, 
the Sum 25, therefore the 25th of March 1 is Eaſter Day, 1733+ 


55 For the ' Days of the Month on which the Sun entereth the twelve Sign 


Twice 9, twice 10, four 12's, 11 ; 
Then 10, then 9, then * 7: 

. 3 E £2 the 45 . 
| v. = b · m. . vr. | "I X. 
Mar. Apr. May, June, July 4 . Oct. Nov. Dec. Jan. Feb. 
& 9. 10, 10, 1, 35 * 12. 11. 10. 9, By. 


Memorial Verſes. 
For the Degree of the Sun's Place on any Day. 
From the Day of the Month on which the Sun's Place is required, if 
you may, ot elſe from the Sum of that and zo, ſubtract the Day of his 


Entrance into the Sign of that Month, the Remainder will be the De: 
oree of his Place in that or the next preceeding Sign. 


1 * Ty 1 
1 . 
- 


For the Age of the Moon, or Day of her C ange 


2 o, 27 1, 2 3, „ . 6; 
8, 8, 10, Io, theſe to the Epact fix: 
Te Sum (bare 30) to the Month Day add, 
Or take from 30, Age or Change is had. 
Or thus; add to the Epact in | 
Jan. Feb. Mar. Apr. May, Jun, Ju]. Avg. Sept. oa. Nov. Dec. 
Os RN TE , ̃ «ß 
The Sum, if. it be leſs than 30, or elſe the Exceſs above 30, added 
to the Day of the given Month (rejecting zo if need be) gives the Age 
of the Moon that day; bur ſubtracted from 30, leaves the Day of the. 
Change in or from the beginning of that Month, _ 


For the Diy of the Full Moon, add or ſubtract I 5. to or from the 
Day of the Change, Example. 
1, For the Ade of the Moon, Anno 1733, May 29; the Mader for 
the Month 3, added to the EpaR 25, makes 28; which added to 29 
(rejecting 30 from the Sum) gives 27 the Age of the Moon required. 

2. For the Day of the Change (or Neu Moon) in May 1733, the 
Epadt 25, with the Month 3, makes 28, as before; which ſubtracted 
from 30, the Reſicue 2, is the Pay of the New Moon, in May 1733. 


3. . To which 15 being added makes 17, the Day of Full- Moon in 
- May N 


To fud the Day 9 the New Moon, and the Entrance m the Sun into 
2 BW Signs, for time paſt, or to come. 


312, 131- — 
Paſt, add; to — 2 Moon and Sun = 


Or thus, for. every 312 Years paſt, add 1 Day to the time of the 
New Moon found above; for 312 Years to come, ſubtra& 1 Day. 


count of — Sun's Entrance ; and tor I31 Years do come, ſubtracted. 


To 


Likewiſe for 131 Years paſt, a Day is to be added to-the former ac- 


120 Memorial Verſes, 


| * find the Diſtance of the Sun from the Nodes of the Moon perpe 


tually in all Lunations; Remember, 


Tear 1 7 hundred, Node, Sau 4, Davie 
27, 3, 800, 43 


1. Take the Interval between the given Time, and 1700 compleat 
in Years and Days, allowing 12 Months to the Year, and 30 Days to a 


Month, and the Account will ſuffice for this Work. 


IE Multiply the Years of the Interval by 43, and divide the Pro- 
duct by Soo, the Refidue Multiply by 9, then take the half of this 


Product, and diſtinguiſh the laſt figure from the reſt by a Point. 
have you the Degrees, and Ioth Pare of a Degree, anſwerable to 


80 
the 


Tears of Interval. Alſo Multiply the Days of Interval by 43, and 


Divide by 800; this Quotient ſhews the Degrees, and the Remainder 
divided by 80, the loth part of a Degree of the Motion for the Day of 
Interval. Then collect the former and latter Degrees and Tenths i into 


one Sum, and reduce it into Signs, Degre s, and Tenths. 


3. For times afore 1700 compleat, add the Signs, Degrees and 
Tenths thus found, to 4, 27*, 3 Tenths; bur for Time after 1700 
compleat, ſubtract chem from 45, 27, 3 Tenths, and rhe Sum or Re- 
mainder ſhall be for the Place of &, adding I Degrees for the Tenths i If 


they exceed 5, elſe rejecting them. 
Always in Additions omit Cycles (to wit, 125 or 260® bur in Sub- 


 traQions add one Cycle, it need be, to the Number from which you are | 


to ſubtract. 


Next by the common Rule 1 SER, without any Comeftion for 
time paſt or to come, find the Sign and Degree of the Sun's Place and 
ſubtract the laſt found Place of * rom it; the Reſidue i is the Diſtance 


of © from v required. 


The Limits of Eclipſe 1 h $ un py Moon, i in » Degrees from 
Gor o_ 

Within 16 the $ un, and Io the Moon, 

Suffers Eclipfes ; 3 above 1 8, 1 2 2 none. 


1. find the Length of Days and Nights. in the Taue 
52 deg. for eve. 


70 15, I; I, 16; 2, 6, 1 
1, 2, 55 4 hours ; 4 and balf agree. 


Jo 


Memorial Verſes. 12 
To the given Diſtance of the Sun from the next Equinoctial Point, 
the anſwerable Hours are theſe ; to 18“ I Hour: to 1 Sine 2 Hours , 
to 1 Sine 167, 3 Hours; to 2 Sines 6*, 4 Hours; and to 3 Sines, 4 
Hours and a half; which hours added to 12, the Sum is from the Ver- 
nal Equinox to the Autumna]), the juſt length of the Day; but from the 

Autumnal to the Vernal, the Length of the Night in thoſe Diſtances, 

And for all other itermediate Diſtances of © from the Equine&ial 
Points, the Proportion is, As 15. 16 or 20? to 60', or as 200 to 39'; So 
are the degrees of the Exceſs of the intermediate Diſtances above 05, 15 
15, 15, 165, or 25, 6*, and not exceeding 25 267, to the Minute of the 
Length of the Day or Night, above 12, 13, 14, I5 or 16 Hours: Al- 
ways allowing 4 Degrees or Days afore and after the Ingreſs into S and 

y, for Solſtice. F TO 

The Length of the Day and Night taken together is 24 Hours, from 
which it the one be ſubtracted, there will remain the other; And, 
au Leh ofthe? Ni {xe time of 4 Soong: 


= To find'the Hour of the Moon's coming to the South, and Highwater at London: 
os Tons 


The Moon's Age Multiply by 4; Divide 
_ V1 5 for Southing; Add 3 for the Tide. 
But when the Age of the Moon exceeds 15 Days, you may reject 15, 

As in this Example. 5 „% ne tore wes 


Anno 1733, the Moon being 27 Days Old, out of which reject 15, 
the Remainder is 12, which being Multiplied by 4 makes 48, which 


divided by 5 the Quotient is 9, and 3 the Remainder: which ſnews | 
that the Moon cemeth to South at 9 of the Clock, and 3 times 12' paſt, 


which is 36 Minutes. (And here note, that for every Unit in the Re- 
mainder, you muſt reckon ſo many times 12'; which muſt be added to the 

Hour found in the Quotient, as in the Example aforegoing) to which I 
add 3 Hours, and the Sum is 12 Hours 36“ the Time of full Sea at London: 

But it is here to be noted, that by manifeſt Expetience it is found, 
that when the Moon is in either of the Quarters, then the Tides do not 

hold out their full time, but it is High-water ſooner than is found by 
the Rule which may partly be occaſioned by the Weakneſs of the Tide 
at ſuch a time, and the Length of the River. For by the foregoing Rule 
you may find, that when the Moon is 7 days old, the time of High-water 
will beat 9 of the Clock, when upon true obſervation it will be found 
to be an Hour ſooner ; and therefore to know the true time of High- 
water, you muſt Subtract ſome Minutes from the time {ound bythe pre- 
cedent Rule, according to the Age of the Moon, as you may plain!y ſee 
! -oEuo=unnon ITOT TTTCOTOY" "Exam 


1212 


Firſt, find her coming to South as before; then ſee how many hours 
5 and minutes the ſhadow wants ot the hour of I2; 


© Memorial Verſes, PORE 
Example. The Moon being 7 


The — Tee HM high Tide (by the Rule) art ; 5 at 9 of the 
! bs. 1629] | 5 Clock; then in this Table look for the Figure 7, 
213 17 25 el which i is in the firſt Column, and right againſt it 
31218 27 f. 010 in the two laſt Columns, under the Title of 
417 192608 0/29] Hour and Minutes you will find one Hour, which 
5.10 20 2505 MES muſt be ſubtracted from the Hour found by the 
609 2124 ö 9,75] Rule, and the Remainder is 8, the true time of 
2 08 2223" 1100 High-water. 


\ 


» T able Hemi the Time of the Moon's coming to the S outh, any 


| Day of her Age. 
] Moon's | Moon's The Ule of the Table, to find the Time of the 
. | Southing | Maw s coming to South. The 1ſt and 2d Columns 
Days H. NI fhew the Days ofthe Moon's Age; in the 3d and 4th 
1 16] © 48 the hour ery minure of the Moon's coming to South, 

4.17] 1.36 Example. The Moon being 10 Days old, I would 

13 -18| 2-24 know at what time the Moon will be South, 1 
$ 1 9 *" nn. find 10 under the Title of the Moon' s Ape, in the 

14 --20| 4 O06; firſt Column ; and right againſt it in the third and 
15 21]. 4 48| fourth Columns, you have 8 hours oo min? which 
7 22] 5 36 fheweth that the Moon being Io days old, cometh 
8 23 6 24 to South, at S ot the Clock, and oo Minutes; un- 

9 247 12 to which you add the time of flowing at Full and 
10 25 8 oo! Change, the Sum will be the time of Full Sea at the 

11 26 8 48 ſame Place. As here at London, the time of Flow- 

12 27 9 36 ing at Full and Change is at 3 of the Clock, which 

13 28 10 24 you are to add to the Moon's Southing, and the 

14 2911 12 Sum is 11, which is the time of High-water when 
15 39. 12 0 the Moon is Io Days old. : 
To find the Hour 's the Nj joht by the ſbadew of th Mom * 
4 Sun Dial. 


which hours and mi- 


Days old, it is 


c 


Mit. « Da] - ith. 


C&S ta ty rr Fwd — — — — 7 


nures take from the hour and minute of the Moon's coming to South; and 
the Remainder is the hour of the Night; but it the ſhadow be paſt the 
hour of 12, then you muſt add ſo many hours and Minutes as the ſha- 

dow is paſt 12, to the hour and minutes of the Moons. omni to South, 

and that will be the hour of the Night. * 1 


18 "" 44+ I 4 
4 *2%y My = ; hb ee 


Example. On the 4th of December 1733, I find the Moon to be 11 days 


old, and therefore ſhe comes to the South 48” after 8 of the Clock; and 


ſuppoſe the ſame Night yon look upon a Sun-dial, and ſhould find the 
ſhadow to fall upon half an hour paſt I, which is an hour and a half paſt 


| the Line of 12; which 16. 30m. muſt be added to 8h. 48m. the Moon's 


W cSouthing, ſhews it is 18' paſt Io of the Clock. 


Again, Suppoſe rhe ſame Night the ſhadow had fallen upon half an 


W hour paſt 115 which wants half an hour of 12, which is to be ſubtracted 


trom 85. 48m. the Moon's Southing, and the Remainder will be 18 . 
after 8 of the Clock. 25 * 57 


. 


CHA P- IX, 
Of the MARINER's COMPASS 


Of the Variation of the Compaſs, and the probable Cauſes there. 


ok. Some Obſervations to find the Variation. The Deſcription 
| and Ule of the Azimuth Compaſ. 5 And the Univerſal Ring-dial. | 
= SECT. I. Of the Original Deſcovery, and Invention - of the 
SE Mariner's Compals, and the Excellency thereof, = 


| T H E original Invenſipn of this moſt uſeful Inſtrument, (by the 


help whereof the glorious Goſpel hath been tranſmitted into 


the moſt dark Corners of the Earth.) Some attribute to one 


John Goia (or Flavia Goia, as others ſiiſ@him) of Amalphi in Campania, in 
the Kingdom of Naples, who only accommodared the Super ficies thereof 


with 8 Points, that is 4 Catdinal and 4 Colatteral; and fo left the Im- 
provement of this Inyention to be attempted by Poſterity. Others do 


| entitle the Invention thereof to the People of China. Dr. Gilbert, in his 
| Book de Magnete, aſſerts, that Paulus 4 tranſported it firſt into 


Tah, in the Year 1260, having learnt it from the Chineſes. And Ludi 
Vertomannus affirms that when he was in the Eaſt Indies, about the Year 


oned and framed as thoſe which now are commonly uſed, _ 


1500, he ſaw a Pilot of a Ship direct his Courſe by a Compaſs faſhi- 


And Mr Barlow, in his Book intitled, The Navigator's Supply, Anno 
1597, relateth a Story of two Eaſt Indians, that he had perſonal Con- 
ference with, (one of them was of Mamilia in the Iſle of Laxzon, the - 
other of Miaco of Japan) who declared that inſtead of our Compaſs, 
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„ the Mariner's Compaſs. 


124 
they uſe a Magnetical Needle of fiz Inches, and longer, upon a Pin, 
in a Diſh of white China Earth filled with Water, in the bottom where. 
of they have two croſs Lines for the principal Winds, and the reſt of the 
Diviſions being left to the Skill of their Pilots. Alſo he there relates, 
that the Portegueſe, in their firſt Diſcoveries of the Eaſt Indies, got a 
Pilot of Milende, that brought them from thence in 33 Days within the 
* fight of Calecut; by which it appears that then they had the Uſe of the 
Compaſs. = DT 15 
But let the Invenſton be attributed to whom it will, "ris manifeſtly 
known to have received its abſolute Perfection in theſe Parts of the 
| World : But more particularly, the compleating of this Invenſion is 
due to the People. of Antwerp and Bruges, and alſo to our own Nation, 
by arnexing to the Compaſs twenty-tour ſubordinate Winds or Points; 
. andalſo on the Limb thereof 36 Degrees, which arenumbred from North 
and South, towards the Eaſt and Weſt, with 10, 20, 3o, Cc. So that 
it appeareth, that every Point containeth 11715. Upon the N. Point 
there is a Flower-de-luce, to diſtinguiſh it from the reſt of the Points. 
Hefore the Invention of this rare Inſtrument, Men were directed in 
their Voyages by certain Stars they took Notice of, eſpecially rhe Pleia- 
des or Seven Stars, by Charles Wain, and the Pole Star and Guards in 
the Little Bear, which were therefore called Load Stars. Alſo Travel 
lers in the Deſarts of Arabia, and thoſe of Tartaria, were guided by 
| ſome fixed Stars in the Night-time, to ſteer their Courſes in thoſe path- 
leſs Ways. So Seamen were directed by the like Heavenly Guides, in 
the unbeaten Paths of the Ocean, before this excellent Artifice was diſ- 
covered. But if the Sky happened to be overcaſt, then the moſt experi- 
enced Mariner was at a loſs, and was conſtrained to come to an Anchor | 
or to lie by, to wait the appeFance of his Celeſtial Directors. Alſo 


. Pliny tells you of the Inhabitants of Sumatra, who becauſe they could 


not behold the Pole Star to Sail by, carried certain Birds to Sea, which 


* they often did let fly; and as thoſe Birds by natural Inſtinct applied theit 


Flight always to Land, ſo the Mariners directed their Courſe after them. 
Io theſe and the like Difficulties were Men expoſed before the In- 
vention of this marvelous Inſtrument, and by it Poſterity is furniſhed 
with a noble Remedy againſt this grand Inconveniency ; and a Method 
diſcovered, as by an immediate Meflenger from Heaven, to ſteer an | 
infallible Courſe in the moſt gloomy Nights, and tumultuons Seas, and 
by the Providence of the Almighty be ſafely Conducted to the deſired Port. 
LTet the Mariners Compaſs is not ſo abſolutely perfect {by that ac- 
quired Virtue it receives from the Loadſtone) but that it requires ſome 
Improvements, becauſe it doth not confirm it ſelf to the true Meridian 5 
"EET" e FE F 


L the Mariner s Compaſs 125 
all Places, but varies in ſome Places more, in ſome leſs from the direct 
Poſition of the true North and South. This Variation of the Compaſs 
augments the Mariner's Care and ought to be conſtantly obſerved in all 
Voyages, the 45 of which may expoſe them to many Dangers. ; 
A Diſcourſe of the Variation, and of the probable Conjectures of the 

natural Cauſe thereof, is handled in that which follows. I thought it 
neceflary (for Method ſake) to ſubjoin the Figure of the Marizer's 
Compaſs. 5 Sy : | 
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1622. the mean Variation was then, 


118 I be Variation of the Compaſs, _ - "I 
SECT. II. 4 Diſcourſe of the Variation of the Compaſs, and of - 
the Natural Cauſe thereof, Vith Obſervations on the Variation. 


THE Variation of the Compaſs is an Angle intercepted between the 
Magnetical and true Meridian, the Horizon determining its Quan- 
tity and Quality. Theſe Meridians ſometimes are coincident in ſuch 
Places where there is no Variation: Sometimes again they are different, 
and then that part of the Horizon wherein the Northern Extremity of 
the Needle lies, denominates its Quality: for if it be to the Eaſtward, 
then it is che Faſterly Variation ; it to the Weſtward then Weſterly: 
This Variation of the Compaſs was formerly ſuppoſed to remain the 
ſame, which 1 ſuppoſe hath given riſe to the Opinion of the firſt Author 
hereof, Mr. Seller, (who as it appears by former Impreſſions of this Book) 
ſuppoſed the Variation of the Compaſs to be occaſioned by theExcava- 
tion of ſome Parts of this Terreſtrial Globe; and by Magnetical Veins, Col- 
laterally reſpecting the Needle, &c, but now the Variation is known to 
vary in all Places, as appears by the following Obſervations of the Va- 
riation of the Compaſs near the City of London, for above an hundred 
Years lait paſt, N FFF 


Mr Burrong hi, comparing ſeveral Oblervations, made at .o „„ 
Limelouſe, October 16. 15 80. found the Mean Variation. „„ 
By Mr Gunters Obſervation at Limehouſe, June 13 5 + 61 "oF 


June 12, 1634, found the mean Variation tobe,  _. ONT; 
ES And Juh the 4th, 1634, he found by his Obſervations 0 on 
at Pauls Cray in Kent, the Mean Variations IJ * © © 
| Mer John Seller, by Obſetvations made at the Hermi- ) 
tage, near Lend u, June the 4th, 13th, and 14th, 1666, > © 34 
% ne onnooinnnn Coo on 
The Worſhipful Sir Nicholas Milet, at his Houſe in > 
Batterſey, comparing ſeveral Obſervations made May ne 2 6. 
Z Yo SG On ES Yo ud 
It we compare the firſt of theſe Obſervations, viz. that of Mr. Bur- 
roughs, in the Year 1580. with thoſe of the famous Capt-Halley, who 


Mr. Gellibrand by his Obſervation made at Deptford, 7 3 \ 


*AyaA\. 


in the Year 1701. found the Variation in all Parts of the Channel to be 


7 zo Weſterly (it being obſerved nearly the ſame at London) the Mean 
Motion of the Variation between thoſe two Obſervations, will be found to 
be about 111% Minutes in a Tear; but comparing the two firſt Obſerva- 
| tions, vx. Mr. Burroughs, aud Mr. Gunter's, the Mean Variation is 1 4 


Obſervations of the Variation, © 127 


Eaſt, and its Mean Motion is but 77 Minutes in a Tear; and by the Ob- 

ſervations of the aforeſaid Captain Halley, when the Variation was abcut 

15 deg. Wefterly it increaſed about 10 Minutes in a Lear; all which 
ſeems to Import, that the Motion of the Variation is ſloweſt when it is 

neareſt its Period or greateſt Deviation, according to the following 

Theory. of Mr. Bond ; And how far this may tend to the confirming of the 
Opinion of thoſe who think that the Poſition of the Mires of the Compaſs 
(nearly) parallel to the Axis of the World, is occaſioned by the Attraction of 
Magnetical Poles, which have a regular Motion about (aud at ſome diſtance 
from) the Poles of the World, we muſt leave to Time, and future Obſo va- 

tions to determine: But in the mean Time, it ſeems inconſiſtent with Reaſon 
| (if not impeſſible in Nature) that the Variation of the Needle ſhould be 
occafioned by the Excavation of ſome Part of the Globe of the Earth, ſince 
ſuch Excavations muſt be allowed to be always the ſame, contrary to our 
Hypothefis of the Variation; which by above 120 Nears Obſervations compared, 
is found to have a General (aud perhaps a Regular) Motion. 


Mr Bond's Theory of the Motion of the Variation. , | 
are | Variation | Tears Variatica , Tears Variation Tears Variat ian 
EW TW} oe] OF 
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SECT. III. The Deſcription and Uſe of the Azimuth Compaſs,, 
TT HIS Compaſls doth derive its Name from its Uſe, ls hed | 
I pally to find the Magnetical Azimuth of the Sun, and is in ſeveral 
reſpects like unto another Compaſs, only with ſuch neceſlary things added, 
) for that pappoe.oEEEE EE ETSY 
Upon the round Box, wherein, are the Fly and Needle, is faſtned a 
broad Circle of Braſs, the one half of the Limb thereof is divided into go 
| degrees numbred from the middle of the ſaid Diviſions both ways, with 
10, 20, 30, Cc. unto 45 degrees; which degrees are alſo ſubdivided _ 
into Minutes by Diagonal Lines, and by certain Excentrick Circles inter- 
ſecting one another; for theſe degrees are drawn from the Oppoſite part 
of the Limb whereon the Index moveth, cutting thoſe degrees. On this 
Indix is erected a Sight, which for conveniency is to fall down 


1 with a 


Hinge, 
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128 The Deſcrition of the Azimuth Compaſs 


Hinge, and to ſet up upon occafion ; and from the top of this Sight down 
to the middle of the Index is faſtned a Thread of Lute- ſtring, to ſhew the 
ſhadow-of the Sun upon a Line that is on the middle of the ſaid Index, 


And by this means of placing the Index upon the Circumference, the 


degrees come to be as large again as they would be, it it be moved upon 
the Center; the Truth hereof is evidently demonſtrated in the Third 
Book of Euclid. Prop. 20 4 | 
This broad Circle is croſſed at Right Angles, with two ſtrings, and 
commonly from the Terminations of theſe firings are drawn four ſmall 


black Lines on the Inſide of the Box, for re&ifying the Inſtrument in time 


of Obſervation, by the four Lines that are 
on the Superficies of the Fly. 


thoſe alſo faſtned into a ſquare Wajnſcot Box, fit for that purpoſe ; 
which you may more plainly perceive in this following Figure. | 


alſo drawn at Right Angles, 


This Compals being thus fitted, is hung in ſtrong Braſs Rings, and 


| THE AZIMUTH COMPASS | 


* | 
* 
4 — 
Z 0 I: X 
. a Cc | 
+ * Hd : 
0 
1 | F 
SS 
EA A LS 
E 
1 It 
— a, 
| j| 
1 
ml! 
bo, 
— | F* , —W 
4: >< 
; = g 


| wy Te ue the Acai: Compit. 


Lied. you muſt re&ify the Braſs Limb on the Edge of the Box (by 
ihe Needle and Fly within the. Box) according as the Nature ot the 
Obſervation doth require. For if the Obſetvation be in the Forenoon, 
then you mult put the Center of the Index upon the Weſt point of the 
Chard or Fly within the Box; and lo that the four Lines on the Edge on 
the Chard, and the four Lines b err inſide of the Box, do always concur. 


The Inſtrument being thus re ai rurn the Index towards the Sun, 


aui the ſhadow of the Hypcebenu I Thread fall dire iy i into the very ſlit 
of the Sight, that is on the Index, and alſo upon a Line that is in tle 
middle of the Index; then at the ſame time will the inner Edge ot the 


Index cut the degree and minute of the Sun's Magnerical IRE from 505 


the Eaſt, to the Northward or Southward. 
As for Inſtance: Suppoſe the Inſtrument be rectityed, as before i is the wn, 
5 for an Obſervation in the Forenoon, and that the Index ſhould cut ch 
degrees upon the Limb to the Northward of the Eaſt, then is the Az 
muth of the Sun 80 degrees from the North, or elſe 100 degrees fiom 
the South. \. So. likewiſe if the Index had cut ten degrees to the South- 


wards of the Eaſt, then would the Azimuth be 80 degrees from the 


South, and 100 from the North. 


And here alſo obſerve, that the Citpais landing in this poſiti tion; 150 
8 if the Azimuth of the Sun be. leſs than 45 deg- from the Meridian, and 


you turn the Index towards the Sun, it will go off the Diviſions on the 
Limb, and there can be no Uſe made heteof as it now ſtands. © 
| Therefore you muſt turn the Inſtrument juſt one 


South Point of the Chard, according to the Sun's Poſition from you, 


and then the Edge thereof will cut the Dep. of the Sun's Azimuth from 
Ulle of the Azimuth 
Compaſs, when the Sun is on the Eaſt-ſide ; the like is to be underſtood = 


the North or South. That which is ſaid as to the 


With the fame reaſori-when' he is on the Weſt fide of the Meridian 
And alſo Note, That the 
beſt when the Sun is near the Horizon, 


in his reed is .more. caſily obſerved. * . 
O 9 take: an Amplitude by the Azimuth Cena 


11 FE R be taken in the Morning, at the 3 5 FN 
5 point K 
che Fly, and rectiſy che Inſtrument by the: Lines within the Box, ro the 1 


then you muſt turn the Center of the Iudex tight over the 


X Lines on the Fly. 91 85 
Then looking through the Si icht. turn the Index towards the Sun un 
til 22 cut che Body of the Son v Tu the n. at the ſame time will 


„ 


Quadrant or quat- 
ter of the Compaſs, viz. Place the Center of the Index on the North or 


bſervations of the Sun's Azimuth are _ 
becauſe the Motion of the : Sun 4 
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the Edge of the Index ſhew the degree of the Sun's Magnetieal Ampli. 
tude, upon the Limb of the Inſtrument, from the Eaſt, either Northerly 
or Southerly. VVVVVVCWVVVC• 2 
But it you take the Amplitude in the Afternoon, at the ſetting of the 
Sun, then you muſt turn the Index over the Eaſt point of the Fly, and 
proceed as before F 8 
But becauſe the Refraction, (beſides allowing for the Parallax) cauſeth 
the Sun to iJppear in the Horizon, when indeed he is about 30 minutes 
below it ; and conſequently makes him ſeem to riſe further to the 
Northward in North Latitude (and the contrary) chan really ir doth; 
therefore to prevent any miſtake thereby, let the Center of the Sun be 
about zo minutes above the Horizon, when you obſerve for the Ampli- 
tude, which will be when the lower edge of the Sun is almoſt half 
his Diameter above the Horizon, for the Sun's apparent Diameter is a- 
bout 32 minutes, therefore when his lower Limb. is juſt in the Horizon, 


— 
* 


his Center is 16 minutes above it; and when the lower Limb appears 


x4 minutes (which is almoſt half his Diamc ter) above the Horizon, his 
Center appears about 30 minutes above it, which (for the Reaſon before 
given) is the time to obſerve for the Amplitulle. 


* ” 


Having found the Magnetical Azimuth or Amplitude, by the Com - 
paſs, find the Sun's Azimuth by Problem 13. Chap, 8. and the Sun's Am- 
J Ez: .: -c5 i... EEE; 
Then find the Difference between the Sun's Azimuth or Amplitude, 
and the Magnetical Azimuth or Amplitude, by ſubtracting the one from 
the other, the Difference is the Variation of the Compaſs. And to 
know whether the Variation be Eaſterly or Weſterly, obſerv: theſe fol- 
lowing Rules. „ VF 


14 Rules for caſting the Variation. : - 25 
1. Ey the Obſervation ef the Azimuth. 611 


In the Forenoon. 1. If the Angle of the Sun's Azimuth (by Calculati- 
on) from the North, be greater than the Magnetical Azimuth (by Ob- 
ſervation) then is the Variation Eaſterly. rd ar 115 


© 2. If the Angie of the Sun's Azimarh from the North, beleſs than the 


- 


| Magnetical, then is the Variation Weſterly, _ 


In the Afternoon. 3. If the Sun's Azimuth from the North be greater 
than the Magnetica}, then is the Variation Weſterly, | 
4. If the Sun's Azimuth from the North be leſs than the Magnetical, 
then is the Variation , ff founder in &onls 
Example 1, Suppoſe on the 4th of June 1732, in the Forenoon, I ſet 
the Sun with my Azimuth Compaſs, and find his Magnetical Azimuth 
to be 99? 48' from the North, at the ſame time the. Sun's Azimuth, by 
Caiculation is 84* 20' from the Notth part of the Meridian, * 


>» 


of the Aximuth Compaſs. 111 
The Difference of theſe Azimuths (Which is the Variation i is 06” 18“; 
1 demand which way the Compaſs varies:?s 


Anſw. Weſterly; becauſe that Obſervation being made i in the Fore- 


noon; and I find the Sun's true Azimuth from the North to be leſs than 
the Magnetical, according to the ſecond Rule aforegoing. 


Example 2. Admit that in the Afternoon, at the ſame time that 1 
find the Sun's Azimuth to be 102% oo', Iind his Magnetical to be yo" 
oo from the North, 

The Difference is 6* 00'; I Jemind which way the Compaſs varies ? 

Anſu. Weſterly ; becauſe the Obſervation being made in the After- 


Magnetical, according to the third Rule. 


Note, Theſe four Rules for caſting the Variation, by Obſervation of 


the Sun's Azimuth, are the ſame in South as in North Latitude, the oy 
Sun's Declination being either Northerly or Southerly. 


II. By the Obfervation of the Amplitude. 
At Sun-riſing. 1. If the Sun's Amplitude be nearer to the North chan 
the Magnetical, then is the Variation Weſterly. * 


2. If ** Sun's Amplitude be farther from the North than the Magne- 
tical, then is the Variation Eaſterly. 5 

4. Sum ſetting: 3. If the Sun's Amplitude be nearer to, the North 
than the Magnetical, then is the Variation Eaſterly. — 
4. If the Sun's Amplitude be farther from the North than che Mag- 

Eh then is the Variation Weſterly. | 
= Example: Admit that by the Azimuth Compaſs, at Sun-ſerting, 4 
find the Magnetical A to be 19 deg. oo min. and the Sun's Am- 
Lee to be 24deg. 00 non: the Weſt Northerly ; ; ; 1 demand which 
way the Compaſs varies? . 
Anſw. Eaſterly ; becauſe by an Obſervation at Saen the Sun' 8 


Amplitude is nearer to the North than the Magnetical, according o 
the third Rule. 


Having by the Gini W N the r an Quality of the Variation ; 
it Ju remains there be 1 825 Direttions Jo eki in the Ceurſe. 


The manner r chat l Mal here ſer down i is performed by A "IT FR BE 
Chard (having the Degrees on the Limb, ) and a pair of Compaſles ; which 
tho it be mechanical, yet it's facile and demonſtrative, and in my O- 

pin ion, exact 2 for Nautical Uſes ; "however; anyone may uſe the 
Pen if he pleaſe. 


But —— we deliver the Rule for Operation, ir will not be amiſs 
for plainneſs ſake, to give theſe Cautions. 


50005 I find the Sun's Azimuth from the North to be greater than the 1835 


1 3. Thar 


12 De Uſe of the Azimuth- Compaſs. 


1. That when a, Man directly beholds the North part of the Horizon, 
the Eaſt is on the Right: hand, and the Weſt on the Left; and theretors 
when the Notth point of the.Compaſs (and conſequently all the other 
points) vary fcom the true North or Meridian to the Eaſtward, then 
the Variation is reckoned to the Right Hand; and for the ſame Reaſon, 
if the Variation be Weſterly, tis accounted to the Left. 
2. That in the Uſe of the Compaſs Chard, you muſt always obſerve, 
that you place the Courſe, or point on which you ſteer right from you, 
The Rule. Take the Quantity of the Variation in Degrees, from the 
Limb of the Chard, between the Compaſſes (the Chard: lying before 
you as is directed) placing one Foot of the Rhomb or Coutle 3 If the 
Variation be eaſterly, turn the other Foot towards the Right-hand, 
but if Weſterly to the Left; the Number of Degrees in which the Poin: 
of che Compaſs ſtays, ſhews the true Courſe from the North or South, 
either eaſterly or welterly, the Quamiry and Quality of the Variation 
_ bring allowed, 
A. for Example. 1. Let the Magnetical Rhomb, or Point of the. 
Compaſs, be North Eaſt, and the Variation 10 Degrees eaſterly ; 1% 
mand the true Rhomb'? 
The Chard lying as directed, take the Extent of 10 Degrees between 
tre Compa ſſes, and place it from the North Eaſt towards the Ri icht- 
hand, becauſe the Variation is eaſterly, that ſhews the true Counl t0 


5 be N E. 55 degrees, or N. E. by E. a little eaſterly. 


2. Let the Courſe by the Compaſs be Weſt and by South, i. e. 8 W 

| 78 deg. 45 min. and the Variation 10 deg. ealierly, as before, 1 

demand the true Rhomb?. 0 

Take the Extent of 10 degrees berwean- Fort 8 and place 

it from W. by S. towards the Right hand ; ; it an the true Rhomb{o 

be L. W. 88 deg. 45 min. or almoſt Weſt. 5 

3. Let the Magnetical Rhomb be Welt, and the Variation ic ccß 

Eaſterly; ; I demand the true Courſe? 

Take the Extent ot 10 degrees as before, ſet it off from the Welt 

towards the Right hand, it gives the ne Rhomb N. 80 deg. oo mi 

or amol Weſt by Nortb. Ir 

4. Let the „ ee Rhomb be N N W. the Variation | 10 te: 

V "Rey ; I demand the true Ruombꝰ 
Take the Extent of 10 degtees, place it "RY che N N W. ton 

che Lefi-hang, becauſe the Variation is Weſterly; it: gives the true 

Rhomb N W. 32 deg. 30 mir. or almoſt N. W. by N. 

F. Let the Courſe by the Compaſs be _— Page Variation 100er 

Weſterly, 14. mand the true Courſe 5 b % 097 7 

ale 


— 


The uſe of the Ring-Dial: | „ » * | 


Take the Quantity ot the Vatiation 1e deg. place i it "LS the Weſt 


towards the Left . which ſhews the crue N to be SW. 10 Oy 
or en " by 8. 


The Deſcription f the , Ring Dia. 


— 
* 


r 118 6 hechiefly n cloſely fitting within 
I : each other, and a Bridge, and is either made of Braſs or Silver. 
The outermoſt Ring repreſents the Meridian of the Place, and on 
rhe foreſide has one of its upper Quadrants divided into 90 Degrees: 
likewiſe on the backſide a Semicircle is divided into the like Number of 
Degrees from the Hole or Center in the Circumference. On the Con- 
vexity of this King i is Hirded men FP, ire ring co it, Wack a ſmall 


Line 


* 2 * 7 FF 
0 4 
. * 


Line drawn in the 


Line d middle of it, to move any one of the Degtees on the 
eiii 275 AS A Ce do ng 
The inner Ring (when they are open at Right-angles,) repreſents the 
Equinoctial Circle, on the inſide of which is drawn a Line in the very 
midſt, and thereon are divided the Hours into Halvesand Quarters, and 
are numbred with their proper Figures on the upper fide of this Ring, 

The Bridge repreſents the Axis of the World, in the middle whereof 
there is cut a long lit : upon one fide are placed the Days of the Month, 
on the other the Degrees of the Sun's Declination: Upon the Bridge is 
contriv'd a ſliding Nut, which directs a ſmall Plate moving within the 
ſlit; this Plate is croſsd with a fine Diviſion, and in the midſt thereof 
1 drill d a all HA HH 5 o 


To find the Hour of the Day by the Ring-Dial. 83 
Place the Hole that is on the ſmall Plate on the Bridge, to the Day 
of the Month, or the Sun's Declination, and ſet the Nut upon the 
Convexity ot the outer Ring, to the Degrees of the Place's Latitude 
| (whether Northerly or Southerly) on the foreſide of the Ring: Open 
the Rings to Right: angles, and then having your Inſtrument on your 
Finger, turn the upper end ot the Bridge towards the elevated Pole, and 
place the flat ſide ef the Bridge againſt the Sun, that his Rays may the 
better tranſpierce the little Hole; then turn the Inſtrument to the 
Sun, until the Sun- beams (by the little Hole) fall exactly upon the 
Line drawn on the infide of the EquinoCtial, or inner Ring, then is 
ſhewn the Hour of the Day according to the Capacity of the Inſtru- 
W VV 
The dividing the Degrees of the Sun's Declination on the Bridge of 
this Inſtrument (which I purpoſely omitted) is Geometrically deſcribed 
by the Worthy Mr. Edward Wight, in his Correfion of Errors, who I 
think, was the firſt Contriver of this Univerſal Dial, altho' differing from 
jd Ho: eee SI LED e 


Ns To find the Sun's Altitude. 

To perform this, you muſt firſt ſet the Line in the midſt of the Nut, 
xpon the outer Ring, to the beginning of the Degrees on the foreſide of 

the ſame; then put in a Pin in the Center hole, and hanging your Dial 
upon your Finger, turn the edge of the outer Ring towards the Sun, ſo 

das the fhadow of the Pin may fall upon the Diviſions. on the Backſide; 


the Degrees cut by the ſhadow is the Sun's Altitude. 


Hole in the flidin 


Wowte, If you uſe the Ring · Dial in South Latitude, you muſt place the 
fliding Plate on the Bridge to the Sun's Declination, uſing the 
South Declination inſtead of the North, and the contrary. = 


C HAP. 


The mw if the Caf fa. 


* H A p. As 


e mY 1 of the Croſs-iaff and DR ATTY Likewiſe how-to 2 


the Latitude of a Place by the Meridian Altitude and Declination of the 
Sun. And the Uſe of the Nocturnal. 
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"The Figure of the C roſs ſtaff, and the manner of the Ober vation. 


Hs Taſtrument i is of ſome Antiquity i in nes and is com- : 
monly uſed at Sea to take the Altitude of the Sun or Stats, which 
it performs with ſufficient exactneſs, eſpecially if it be leſs than 6o deg. . 
bur if it exceed 60, it is not ſo certain, by Reaſon of the length of the 
Cres, and the Imallneſs of the Graduations on the Staff. 
Tbe Staff'is made ſtrait, four ſquare, and commonly of Box or Peat- 
nee, and graduated on che Sides with Degrees and Minutes. 
The Croſſes, uſually four, are commoniy made of the ſame Wood ; 
with the StaF, of a convenient breadth, and of length Proportional to 
the Graduations fitted to ſlide even y upon the Staff, without Jogging. 
On one ſide of the Staff, the Graduations beginning about Three 
Degrees, and proceeding cowards the Center cr Eye-end, increaſe by 
every 10 Minutes to 10 Degrees; and this fide is called the Ten ſide ; 
ſometimes the Breadtiot the Thirty: Croſs lupplics the Place of the 
Ten. Croſs. 
On another ſide of the Staff, the*Diviſions begin at about 10˙ -and-. 
creaſe npwards to 3073 this is called the Thirty-ſide. | 
On another ſide of the Graduations begin about 20 ; and err to- 
wards the Eye- -end of the Staff to Go this is named the dixty-ſide. 


The 


Y 36 | The w feof th the Croſs-Staff. 


The remaining and fourth ſide hath the Diviſions beginning at 30), 

and increaſing upwards to go“, from thence it is named the Ninety lide, 
and his Crols (the longeſt) the Ninety Croſe. 
Sometimes the ſeveral fi des of the Staff are numbred likewile with 

| their yp gn to 90 in ſmall Figures, viz, at 90“ ſtands oo, 
againſt 80 109, at 700 ſtands 20®, and fo of the reſt. 


The Uſe * this is to take the Complement of the Altitude, or Z(= | 
vith diſtance from the Staff without Subtraction. 


4 Table of the Lengths and Half Lengths of the Croſſes, 13 the Meaſur 


of each Croſs by the Gradwation on the Stoff, proving whether * be 
rightly made or not. 


— —_— _ 


8 Whole Lat Halt 28 of] 
E = the Croſſ*s, | che Croſſes. 6 
8 Degrees Mee, Degrees Minutes. 
2 828 þ 99. -þ:298 

© 7.4: 23 <3 - | 
8 . 40 3 
* LLL 


: of the $ix 11 us. 
The Length of the Sixty Croſs, if rightly made, muſt reach from 60' 
to 30? oo“; and his half Length to 40 13%, 

There ate two Ways principally for. the graduating the Croſs Staff, 
one by Geometrical Projection, the other by Arithmetical Calculation, 
Il will give you an Example of the latter, by which you may divide an 
; al, or at leaſt be able to examine one that is already graduated. 

. We . 

So ppoſe the Length of the Sixty Croſs to be 10 s Inches, and te 

half Length $5.5 Inches; I deſire to know the diſtance of 45 33 fron 


the Center of the Staff proportional to this * of the Crole. '1 ak 
half of 47 300, that is 22 43. 


1 Proportion is. 
As the Tangent of 22d. 4 — — 2. 64256 
Is to half the Length i the Crols 5 78 Inches — — 0.7070 
So is the Radius :... — — — — 10,000000 


To the diftance required, 12.16 Inches — —— — 1.08 500 
Dis gives the diſtance from the Center of the Staff, to the Diviſion, 

ee 45 zo! to be 12-16 (or 535) Inches. 
But if you propoſe to graduate a Staff, the more ready and expe 


diate way is, divide the half Length of the Cross into 100 or 1000 + 


\ 
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parts, and taking orly the Tangent Comp), of half the Angle required, 
out of a Canon of Natural Tangents, gives the Diſtan.e required. | 
Example. Suppole as before, the half length ot the Sixty Croſs to be 
5;5 Inches, and it is required to know the Diſa ice trom the Center to 
45 deg. 30 min.? F . 
The half length of the Croſs being divided into 100 equal parts, or 
into as many as con veniency admits of, (the reſt ſupputated by Eſtimati- 
on) look in the Tables of Natural Tangents, for the Tangent Comple- 
ment 22 45, (the half 45 30) and you will find 238472; then cut- 
ting off 2 Figures towards the Right hand the Remainder 2384 ſhews 
the Number of equal Parts (whereof the halt Croſs contains looo) which 
| muſt be taken, to ſet off the Diſtance from the Center to 432 3o', that 
is twice the halt length of the Croſs, and 384 Parts more. 


The like you may perform for any other Degree, to every tenth or 
fifth Minute, or leſs, according as the Staff will admit of the Diviſions ; 
and as you ſee in the Example of this Croſs, ſo the like may be perform'd 
for any Croſs of what Length ſoever. ERS "YN 


The Uſe of the Croſs Staff. 


Jo make a forward Obſervation of the Sun's Meridian Altitude at Sea. 
When you intend to take the Meridian Altitude at Sea (in order to the 
obtaining of the Place's Latitude) it is convenient that you be preparing 
pour {elf for your Obſervation ſome competent time before Noon; and 
conſider what the Sun's greateſt Altitude may be that Day, accordingly 
| to uſe thoſe Croſſes that may be moſt fit for your Purpoſe _ 
As ſuppole the Meridian Altitude for that Day be judged to be 20" 
then ule the thirty ſide of the Staff, and the thirry Croſs if you think it 
will be 3o*, or more, then take the Sixty Croſs. 8 


There is another requiſite fit to be underſtood before you proceed to 185 


Obſervation, and that is, how to place your Fore-ſtaff to your Eye, to 
prevent an Error mentioned by Mr. Might in his Correction of Errors; 

to avoid which, take theſe few Hints. VF 
Firſt, Place the Center of the Staff at A, to the out- ſide of the Cotner 
of your Eye, as near your Eye as conveniently you can, without hindring 
your Sight, letting the end reſt upon your Eye · bone, reſpecting as it were 
the Eye's Center, and cauſe the viſua! Rays to concurr with the middle 
| Parallels drawn on each ſide of the Croſs-Staff, and then is your Staſt 
rightly placed for Obſervation : But becauſe this is ſomewhat difficult 
plainly to be deſcribed, and perhaps that which is already ſaid may not 
ve ſo,obvious_ to the Reader as I could wiſh it. I will therefore give an 
eaſy Illuſtration, which may be verify'd by Experiencs 


Meridional Altitude, and the ſmall Figures underne 


Having firſt of all ſatisfyed your ſelf in the truth of the Diviſions on 
the Staff, and likewiſe of the exact Length and Half-length of your 
Croſſes, then put on the Sixty Crols, and place it to 30® on his proper 

Side, and alfo flip on your Ninety Croſs parallel with the former, and 
— that to 309 ͤſlikewiſe, on his peculiar Graduations ; then bring the 
nd ot the Staff to the Corner of your Eye (as is directed) and remove 
it fo that you ſee cach End of the two Crottes at once, exactly to con- 
cur and agree with the viſual Lines proceeding from your Eye; that is 
the place of your Staff in time of Obſervation, and may eaſily be found 
3 P cent T5 ho EC 
Having thus prepared for your Obſervation, and acquainted your ſelf 
with the holding of your Inſtrument, being upon the Deck, turn your 
Face towards the Sun, and place your Staff to your Eye, holding the 

Croſs upright, look at the upper end of your Croſs at C for the Sun, 

and at the lower at B for the Horizon: But ifthe Sca obſcure the Hori- 

zon from your Sight, then remove the Croſs a little further from your 


Fye : if on the contrary, your Sight do pot extend ſo low as the Hori- 


zon, but the Sky only appears inſtead thereof, then move the Croſs a 
little nearer your Eye, until by the upper part thereof you ſee the Cer- 
ter of the Sun, and by the lower the Horizon, exactly at the ſame time; 
then look upon the proper Side of the Staff for the Croſs (you ule) the 
_ Sun's preſent ira will be cut by the ſame, and this if it were for one 
5 Obſervation either for the Sun or any Star, were ſufficient. 
therefore wait (making Obſervation as your judgment ſhall direct you) 
until the Sun be upon the Meridian, ſtill ſliding the Croſs ncarer 


| | our 
Eye as the Sun riſes, until you perceive it to be at the higheſt ; 8 ſo 


ſoon as the Sun is to the Weſtward of the Meridian, and falling, if you 


make your Obſervation again, you will find the Sea to obſcure the Ho- 


rizon from your Sight, and then in no Caſe remove your Croſs, but let 
it remain fixed, and finiſh your Obſervation for that Day. 


Then caſt your Eyd upon that Side of the Staff belonging to the Croſs 
8 and Minutes cut thereby, and numbred with larger 

f the Staff gives the Sun's 

ath, the Comple- 


5 Jon uſe, the 
Figures (decreaſing always from the Center o 


ment of the Altitude, or the ih e. 
In obſerving forward by the Croſs-ſtaff, cis uſual to take a piece of 

Red Glaſs to 7 the Sight from the Luſtre of the Sun in time of Ob- 
ſervation, and it would, in my Opinion, be better to have the Glaſs fitted 

in a piece of Braſs, and ſo to be pat upon the End of any of the Croſſes, 
as occaſion requires. Thus much for a forward Obſervation. ' ' _ 


Aſter the ſame manner you muſt obſerve the Altitudes of the Stars. 


ſe 


ut the Sun's greateſt Altitude being that you are to take, you mul 
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To make a backward Obſervation of the Sun's Altitude by the Croſs-Staff. 


Theſe Obſervations are frequent at Seca, eſpecially with the Hollan- 
ders ; and to pertorm this, you muſt have a Horizon Vane, the inner 
fide of which fits upon the Center of your Staff, or elſe a {liding one, 
according to the Dutch faſhion 

Likewiſe there 1s a Shoe of Braſs to fit on the End of any of the 
Croſſes, whoſe Uſe is the ſame with the Horizon Vane in the Quadrant. 

Having a Staff thus fitted, place the Horizon Vane upon the Center 
or Eye-cnd of your Staff, and put on a Croſs fitteſt tor your purpoſe: fix 
the Braſs Shoe at the lower End thereof, then turn your Back to the 

Sun, and looking thro? the Sight (made by the Braſs Shoe) on the end 
of your Vane, elevate or ns 7 the end of your Staff, until the Shadow 
made by the the upper end of the Croſs fall upon the upper part of the 
Sight in the Horizon Vane ; then look thro? that Sight for the Hori- 
zon: but if the Sea obſcure the Horizon from your Sight, then remove 
your Croſs alittle nearer to the Horizon Vane; but if on the contrary 
your Sight doth not extend ſo low as the Horizon, but the Sky only. 
appears inſtead thereof, then remove the Croſs further from the Ho- 
rizon Vane, till you fee the ſhadow fall upon its due place, and perceive 
1 1 exactly at the lame time, then have you the Sun's preſent. 
It you obſerve for the Latitude, you muſt reiterate your Obſervation _ 
as before: and when you perceive the Sun to be paſt the Meridian, de- 
ſiſt, and concluding your Obſervation, account your Degrees and Mi- 

nutes, either of the Altitude, or its Complement as is before ſnewn. 
Io uſe the Staff in a backward Obſervation, after the Dutch Fathion, 
there muſt be a Horizon Vane fitted to ſlide evenly upon the Staff, and 
then all the variety from the former manner of Oblerration will be this: 
Place any of your Croſſes that you intend to uſe upon the Center of 
the Staff turning the Nut inwards, then ſlide on your iber Vane with 
the Nut inwards, and fix on the Braſs Shoe to the lower end of your 
Croſs; then proceed with your Obſervation, removing the Horizon 
Vane, as before you did the Croſs, and the Degrecs and Minutcs cut 
by the Edge of the Horizon Vane, upon fide peculiar to the Cros 
you uſe, is the Sun's Altitude, or Complement thereof, as you re- 
kon it in the greater or leſſer Figures. VVV 


SECT, Il. The Deſcript ion and Uſe of the Qu ADR ANT. 
HIS Quadrant is of a very commodious Form and Contrivance, 
1. being at preſent the beſt approv d, and meſt general Inſtrument 


that is in uſe, obſerving the Sun's Meridian Altitude at Sea. - 
CERES — 11 
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140 De ſe of the Quadrant. 

The Parts of this Inſtrument are principally Three Vanes, and Two 
Arches, which Arches together contain 90 Degrees, and give it therefore 
the Denomination of a Quadrant. e 
This Inſtrument is ſaid to be firſt contriv d by Captain Davis, ( hat 
was employed in Queen E/izabeths time to diſcover the North Weſt 
Paſſage) and therefore called Davis's Quadrant, and by the French, the 
Englih Quadrant. e 


The Figure of the Quadrant, and Manner of Otſc; vation. 


- 
12 R 
_— 
* . 


O the three Vanes, That which in time of Qbſcervation reſpects the. 

Horizon, in this annexed Figure repreſented by A, is call d the Horizon- | 
Vane ; that which gives the Shadow, noted by B, is nam'd the Shadow- 
| Vane, and that thro gh which you are to look for both Shadow and 

Horizon, diſtinguiſhed with C, is called the Sight Vane. 


Of the Arches The leſſer noted with de, is named the Sixty Arch, 
* becauſe it uſually contained but 6o?, but of late it commonly contains 65 
: (and the greater Arch 25) it is of a ſmall Radius (adviſedly ſo contrived) 
for the more apt placing ot the Vane B thereon, that the Shadow thereof 
4H falling upon the Horizon Vane A, at this ſhort diſtance, might become 
dhe ſtronger, and the more perſpicuous to the Eye of the Obſerver, _ 
This Arch is commonly divided but to every Degree, and numbred 
from the upper end of the Arch downwards to the Line of Partition, 
(which is a Line drawn on the middle of the upper Leg of the Quadrant, 
between the two Arches) with 5, 10, 15, Cc. And this is the Comple- 
ment of the Altitude. Sometimes this Arch is figured with the Altitude, 
from the Line of Partition upwards towards the kigher end ot the Arch; 
with 5, 10, 15; Cc. to 60; but this is not frequently uſed. | TO: 
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The greater Arch, here denoted by the Letters fg, is called the Thi rty- 
Arch; this Arch is of a Jarge Radius, the better to be divided ard ſub- 
divided into Degrees and Minutes, the Limb whereof is of a competent 
breadth ; and thereon are uſually deſcribed ſeveral Concentrick Circles, 
interſected with Diagonal Lines, for the more facile and exact dividing 

the Degrees into every 5th or every 24 Minute; and hereby the Subdivi- 
ſions are conſpicuous, and may readily be computed by the Obſerver. 

But becauſe poſſibly this manner ot Divifion may not be underſtood 


: The Figure of part of the Arch. 


TT LCC CCC 


The foregoing Figure is part of the Limb of this Arch, as "tis uſually 
drawn upon the Limb of the Quadrant, each Degree being ſubdivided 
into 5 Minutes: Upon the Plane of this Arch are deſct ibed 6 concentrick 
Circles, and are noted with the Figures 1, 2, 3, 4, 5, 6. And in the Li- 
mits of each Degree are drawn two Diagonals, interſecting theſe Circles; 
| and thoſe Diagonals divile each Degree into 2 parts, viz. into 30 Min. 

end rhe concentrick Circles ſubdivide each of theſe Diagonals repreferting 

30 Minutes into ſix other Parts, being 5 Minutes a piece: Therefore 
the 1ſt Interſe&ion at 5, is 5 Minutes; the 2d at 10, is 10 Minutes; the 

zd at 15, is 15 Minutes; the 4th at 20, is 20 Minutes; the 5th at 25, 1s 

25 Minutes; the 6th at 3o, is 30 Minutes: The 1ſt again at 35, is 35 
Minutes; the 2d at 40, is 40 Minutes; at 45 is 45 Minutes; at 50, is 
o Minutes; at 55, is 55 Minutes, and at 60, 60 Minutes or 1 Degrer. 

And the like is to be underſtood of the reſt, always as they aſcend, in- 

crealing 5 Minutes. )) 

And take for a General Rule: Firſt count how many concentrick 

Circles there are, which are 6 or 10, and are to be computed as is here 

mewn, and noted by the Figures at che end of this Scheme; rn Ie 
— —— 0 
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how many Diagonal Lines are drawn within the Extent ofeach De gree, 

which arc 2 or 3 then multiply the Number of concentrick Circles by 
the Number ot Diagonals in 1 deg. and by thg Product divide 60, (the 
min. in a degree) the Quotient will give you the Number of min. that 


_ each Interiection increaſes by, and is morethan the precedent. As ſuppoſe 


the concentrick Circles to be 10, the Diagonals in each Degree 3; then 
multiply 10 by 3, the Product 18 30, by which if you divide 60, the 7 71 
tient is 2, which thews that the Interſections increaſe by 2 min. the firit 


2 repreſenting 2 min. and 10 4, 6, 8 min. Sc. to 58 and 60 min. or 17, and 
| then 1? 2', 1 4', 1* C Cc. And the like is to be underſtoud ofthe reſt. 


Wa uſe of the Quadrant. | | 
This Inftrument is commonly uſed to obſerve the Sun's Meridian 
Altitude, which to perform we will briefly deſcribe. . 
Firſt, Put the Horizon-Vane on the end of the Quadrant on A, and 
then the Sight- Vane upen the Thirty Arch in the precedent Figure 
and laſtly, the upper edge of the Si a dow - Vane upon the Sixty Arch, 
to a certain Number of Degrees moſt proper for your preſent Obſerva- 
tion; which rcadily to perform, take this Caution. 
Conſider what will be the Complement of the Meridian Altitude that 
Day, then place the Shadow Vane fo, that the Degrees cut by the 
upper edge of the Vane, be always leſs by 10 or 15* than you judge the 


Complement of the Sun's Meridian Altitude will be that Day in the 
place of Obſervation. J 


proper for our preſent Obſervation. 


For Inſtance: Suppoſe that the greateſt Altitude of the Sun ſor the 


time in the place of Obſervation, be eſtimated to be 45 the Comple- 


- 


ment is 45*; then place the Shadow Vane at 30 or 35 deg. which are 


_ Having thus prepared your Inſtrument, and being ready upon the 


Peck, turn your Back towards the Sun, and holding the Quadrant as u 


5 right as you can, place the Sight Vane to your Eye, and looking thro' 


the Sight, bring the Shadow of the upper edge of the Shade Vane, to 


fall upon the upper part of the ſlit, or open Sight in the Horizon Vane, 
and at the ſame time look thro? the ſaid {lit for the Horizon; and if the 
Sea obſcure the Horizon from your Sight, then ſlide the Si ght Vane alit- 


_ tle lower don towards /; but if on the contrary, your Sight doth not ex- 


tce the Horizon through the Sight in the Horizon Vane; then have 


tend ſo low as the Horizon; but if the Wy only prefents itſelf to your 
Eye, then remove your Sight Vane a little higher towards g ; then make 
Obſervation again, continuing to move your Sight Vane higher or lower 


according to theſe Directions, until looking thro? the Sight Vane, the 


Shadow fall upon his due place, and that at the ſame time you exactly 


you 
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you the Sun's preſent Altitude. But it being the Meridian or greateſt Al- 
titude that you are to obſerve, you muſt therefore continue to make Ob- 
ſervation as often as you ſhallthink fit (but cſpecially you are to tend your 

_ Obſervation, when you perceive the Sun almoſt upon the Meridian) until 

the Sun be to the Weſtward of the Meridian, and is leſſening his Alti- 
tude; for then, if 5 make Obſervation, the Sky will be ſeen, and not 
the Horizon; and in this Caſe you muſt not alter your Sight Vane, but 
. ſtand, conclude your Obſervation for that Day: Then caft 

your Eye upon the Thirty Arch, and ſee how many Degrees and Mi- 
nutes are cut by the inſide od the Sight Vane, and thereto add the Deg. 
at the upper edge of your Shadow Vane, the Sum is the Complement 
of the Altitude, or the Sun's Diſtance from the 'Zenith. _ 2885 

Nrte, The ſmall Arch in ſome Quadrants contains 70 deg. and the 
greater 20d. whole Sum is 90. Theſe Arches are numbred and divided 
like the former; and if that be well underſtood, this will not ſeem too 
obſcure, and therefore it is needleſs to fay any more of this Alteration. 

And here note: That there is a late Contrivance with a ſmall Convex- 

Glaſs to be let into th: Shadow Vane, which may be uſed when the Sun 
is haſey, and will not ſtrike a clcar ſhadow upon the Horizon Vane; 

then this Glaſs will contract the Beams of the Sun, and reflect a ſmall 
Speck of Light upon a ſmall black Line drawn on the Horizon Vane, 
which reſpects the Center of the Sun, And further Nete, That in thoſe 
Obſervations made by the upper edge of the Shadow Vane, it is proper 

to ſubtract 16 min. or ſomewhat leis, from the Sun's Altitude, or add 
it to the Zenith Diſtance (for the Semidiameter of the Sun ;) but in 


uſing the Glaſs you are not to make any ſuch Allowance, becauſe the 
Speck repreſents the Center of the Sun. 5 e 


Seck. III. Rutes for ffuding the Latitude of the Place by Obſervation of | 
e Sun's Meridian Altitude, or Zenith Diſtauce, by help of the Table |} 
of the Sun's Declination. ee e — OY 


D Ecauſe it is common to work the Obſervation of the Sun, taken by 
J the Quadrant and other Inſtruments now in uſe, by the Comple- 
ment of the Meridian Altitude, or the Sun's Diſtance from the Zenith, 
I ſhall therefore give Rules, illuſtrated with Examples, for that purpoſc. 
Rule 1. Ifthe Sun comes to the Meridian in the South, and have South 
Declination, ſubtract the Declination {rom the Complement of the 


f Meridian Altitude, the Remainder is the Latitude of the Place of 
8 Obſervation N But if the Declination excecd the Zenith 
a Diftance, then ſubtract the Zenith Diſtance from the Declination, the 


Remainder is the Latitude Southerly. 3 


* for e of Wakes 


1 | 
Example r. Admit you are at Sea, and the Sun being upon the Me- 
ridian in the South, is 37 d. 30 m. diſtant from the Zenith, and at the 


ſame time hath 12 deg. oo min. South n ; I demand the Las 
titude of the Place. FC) 


De Ope ration. 
Complement of the Meridian Alticade — — 37 30 
The Sun's Declination South, lubtract — — 1 oe 


Tbe Latitude of the Place ßĩ w — 25 30 North 


Example 2. Admit (be ing at Sea) the Sun be ing on the South part of 
che Meridian is 10 deg. diſtant from the Zenith, ard tlie Declination 20 


deg. 30 min. South: 1 demand the Latitude of the Place. 


| 138 The Operation. 
The Sun's Deb Anh — — — 20" 20 
T he Diſtance from the Zenith, ſubtract — —10 oo 


The Latitude ö . — — 10 30 South 


Rule 2. If the Sun be upon the Meridian in the South, and hath North 


Declination, then add the Declination to the Zenith Diſtance, the Sum 


is the Latitude Northerly. 
Example. Admit a Ship at Sea, and the Sun on the South part of the 


Merician is 30 deg. 30 min, from the Zenith, and the Declination is 


15 deg. 30 min. North; 1 demand the Latitude ? 


5 De Operation. | 
The Complement of the Altitude or Zenith Diſtance i is = — 30⁰ 30 
The Declination added — —— 5 30 


The Latitude — — 3 0 N. 


3 1 


Rule 3. It tha Sun be on the Meridian i in the North, and have North 


Declivation, then ſubtra& the Zenith Diſtance from the Declination, the 
Remainder is the Latitude Northerly : But if the Zenith Diſtance ex- 


| ceeds the Declination, then ſubtract the Declination therefrom, the 
Nerrzingr is the Latitude Southerly. 


Example 1. Suppoſe the Declination were 20 deg. 


e North 3 I demand the Latitude ? 

5 The Operation. , 
The Suns Declination Nor th - — om — — "% 202 oo | 
The Zcnith Diſtance ſubtracted — — . 
The Latitude of the Place 6 RET PACO for 30 Non 


Example 2. Suppoſe the Sun's Declination to be as before, 20 deg. 


North, and that being upon the Meridian to the Northwards, his Ze- 


nith Diſtance i is 40 deg. 15 min. I demand the Latitude ? 


| North, and the 
1 Zenit Diſtance 12 deg. 30 min. the Sun being N the Meridian in 


The Operation. WS 

The Zenith-diſtance of the Sun is — F 

The Declination North, lubtract — — Vw — — 20 o 
| The Latitude —— -. — 20 15 South, 


Rule. 4. If the Sun be upon the Meridian in the North, and hath 
South Declination, then add the Declination to the Zenith- diſtance, the 


Sum is the Latitude Southerly. 


Example. Admit the Sun s Declination were 160 45 South, and the 


Zenith: diſtance 295 45. I demand the Latitude, 'S 
The Operation. 


TY 0. 


The Declination of the Sun South — „ö 
The Zenith diſtance add — — — — 22 435 
| The Latitude — — — —— — —— 46 30 South 


Rule 5. If the Sun have no Declination then the Complement of the 
Altitude is the Latitude of the Place; and if the Sun be on the Meridian 
in the South, your Latitude is Northerly ; ; ik in the North, Southerly. 
This needs no Example. 


the place. This likewiſe needs no Illuſtrat ion. 


the Sun upon the Meridian under the Pole, then add the Sun s Declina- 
tion to the Complement of the Altitude, and ſubtract the Sum from 
180˙.ꝰ the Remainder is the Elevation of the Pole. 


lame as the precedent Examples. 
For the Stars. 


Declination 1s known. 


Rule foregoing. 


Polar · diſtance is ſet. down in the Tables of Declination ; and if they be 
dn the Meridian under the Pole, add the Complement of che Declination, 


Pr Polar diſtance, to the Meridian Alti:zude found, the Sum is the Lati- 


ude Norbert Ye 


HE But 


NAU 


Rule 6. If the Sun be in the Zenith, f. e. 90 above the Horizon; 
then the Declination either Northerly or Southerly, i is the Latitude ot 


Rule 7. If you be within the Artick or Antartick Circles, and obſerre | 


| Note, If your Inſtrument wherewith you obſerve give only the Meri- 
dian Altitude, then ſubtra& that Altitude from 90˙, the Reſidue is the 
Zenith diſtance or Co-Altitude of the Sun ; and the Operation is the 


What here hath been delivered in theſe Rules, concerning the Sun's 
being upon the Meridian, the ſame is to be underſtood of any Star whoſe 


Admit you ſhould obſerve the bright Star ArSurus, whole Declina- 
tion is 20 deg. 58 min. North, when he is upon the Meridian in the 
South, and find his Altitude to be 65 deg. 25 min. the Complement 
thereof 24 35 1s the Zenith-diſtance ; then adding 20? 58' to 24 35', 
the Sum 45* 33“ is the Latitude. Norcheriy, according to the ſecond 


But if you obſerve by any of the Stars near the North Pole, 1 


F — — — —w yy og — — — 
7 —: . . ß! ̃ = 
c- —— — — — 5 8 - 
= Inks = . 
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Put, Secondly, It you obſerve any Star that is upon the Meridian in 
the North above the Pole, then from the Meridian Altitude of that Star, 
ſubtract the Complement of the Declination, or Polat- diſtance, the Re” 

mainder is the Latitude Northerly ; but if the Complement of the Starg 
Declination cannot be ſubtracted from his Meridian Altitude, ſubtrac 
the Meridian Altitude therefrom, the Remainderis the Latitude South. 

«ily. The fame may be underſtood of Star's near the South Pole, 

Here I thought it nece ſſary to mention ſomething of the Crofiers, 
which are certain Stars that are of good uſe in the Southern Navigation; 
they are ſo called, becauſe they do ſomewhat reſemble the Form of 


74 . according to the annexed Figure. 


The Figure of the Confiellation called the Croſiers. 


The Head Declination from the South 
0 I | Pole 34 45 
1 2 


"The Cock's Foot, Declination from South Pole 280 4 5. 
The Star at C call'd the Cocks Foot, or rather the Croſs- Foot, whol: 
Declination, according to the Obſervation of Mr. Edmund Halley, at 


St. Hellena, is 61“ 15' Southerly ; and fo the Complement of the Decl. 


pation or Polar=diſtance, is 28 deg. 45 min, By this Polar-diſtance, and 
the Meridian Altitude of this Star, when he is either above or below the 
Pole, you may find the Latitude of the Place, by the Rules of the Stars 
laſt mentioned. The Polar: diſtance of the Head of che Croſs is 34 deg. 

5 min. 
? To know whim theſe Stars are fit for Obſervation, hold up a Thread 
and Plummet; and when the Thread cuts the Star at A, and that at C, 
both at the lame time, then they are upon the Meridian, and fit to be 


obſerved, 
© Set, V. The Deſcription and Uſe of the Nocturnal. 
T HIS Inſtrument conſiſts of Three Parts ; 40 
Firſt, The broadeſt and greateſt, which we may call the anmore- 


8 | able Part, which hath a handle to hold it by, in time of Obſervation. 


Secondh, The firſt moveable, or middle are: 
Thirdly, The long Index, that i is to turn to the Poſition of thoſe Stars 
for which they are made, viz. the Guards of the Little or Great Bear. 
The foreſide of the rſt, or ypmoveable part, hath the Limb or out 
ward Circle divided into 12 Maths, and each Month ſubdiyided inte 
its reſpective Days and are counted towards the Lett-hand, and mark 


with their Names, or the firſt Letter thereof, as 7 for * 'K hn 1 
| eu 
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February, M for March, &c, And upon ſome of them there are two 
other Circles, the outermoſt of which is. divided into 24 Equal Parts or 
Hours ; and the other into 29 Parts and a half, or Days of the Moon's 


Age; by which the Moon's Southing may be known by Inſpection, and 
W a Computation of the Tides. 


Ot * Nocturnals there are two ſorts, one for the Guard of the 
| Little the other for the Guards of the Great-Bear, or Charles's Iain, 
commonly called the Two Pointers. Now to know for which of theſe 
Conſtellations any Nocturnal is made, you may obſerve that the No- 
Aurnals that are for the Guards of the Great Bear, have the 17th of 
February on the Top, and it it be ſor the Guard of the Little Bear, then 
you will find the ſt of April there. The backſide of this Part is di- 
vided into the 32 Points of the Compaſs, which ate to ſhew the Bearing 


| of the Guards, thereby to know what Declination the North Star hath 
upon any Point of the Compaſs. 


The ſecond and cradle Part, hath a Tooth proceeding from it, 
with the edge continued in a Right Line from the Center; which is to 
be turned to the Day of the Month at Pleaſure ; and on the Superficies 

thereof is a Circle, divided into 24 equal Parts or Hours ; which when 
the ſaid Tooth is let to the Day of the Month, and rhe Inde turn d to 
the Poſition of the Guards, the ſtrait ſide of the Index will ſhew the 
Hour of the Night upon the ſaid Circle. 

The third and upper moveable Part, is called the Index, having one 
fide thereof proceeding from the Center, which is to be turned to the 
Guards in time of Qbſervation ; and through which you are to ſee tbe 
N North Star, and at the ſame time the Index 1s to be turned to the Guards 


The Fig eure of the Stars, as they ſhew themſelves in the Heavens, for which 
the Nocturnal: are made. 


143 The Uſe of the Nocturnal. 


But if you will be better ſatisfyed in the Forms of the Stars in each 
Conſtellation, I refer you to the new Hemiſpheres and Planiſpheres of 
the Heaven, that are very ulcful for knowing of the Stars; ſold by 


Mr. Page and Mount, on Great Tower-Hill. 


. 1 * 


be Figure of the Nocturnal, 


N 


E 


ab 


of the Declination of the North · Star, upon every Point of the |\ 
© Compaſs the Guards are npon, fitted for both ſorts of NoCturnals, 


g trom the 


uards be aſcendin 


If the former of the 


Ft Pore ad 


rds be deſcending, | 


om the South, or upper Part of the Merid. 


f the Gua 


If the former o 


— — 


r 


Points of 
the Com- 
paſs. 


North 
N by E 
NNE 


| 


North Eaſt 
NE by E. 


ENE 
Eaſt by North 
Eat 


G88 


North or lower part of the Meridian. 


SSE 


| South 
SS W, 


S WbysS 
South Weſt 


—— — — | 


WSW 
- Weſt 


NNW. 


For the 
Guard of the 
Little Bear. 


—— — — — 


For the Guards of the 
Great Bear, called the 
two Pointers» 


—_—_ 
* 
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or two Pointers be Aſcendin 
or lower Part of the Merid. 


N E by N 1 


3 — 
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150, | - The Uſeof the Nocturnal. 
Tze manner of holding the Nocturnal in Time of Obſervation! > 
Take the Handle in your Hand with the foreſide towards you, holding 
of it upright in your Hand, (which you may diſcern by the Tip that 
is on the very top of the Nocturnal) then looking through the Hole in the 
Center to the North Star, you muſt curn the upper Edge of the Index 
(which cometh from the Center) to the Guards ; this being under ſtood, 
you may now proceed to ſeveral Uſes thereof. 

To find the Hour of the Night by the orth Star, und the Guard; either of the 
Little or Great-Bear, and upon what Point of the Compaſs they are. 
'To perform tnis, you mult firſt fer the Index of the ſecond moveable. 
- Dart to the Pay of the Month, (then if it will not ſtay of it ſelf, you 

ft ſtay it with your Thumb) holding it as you were before directed; N 
ad the North Star through the Hole, and turn the Index to the 
Guards, and then upon the ſecond mdveable Part, the Edge of the Index 
hall cut the Hour of the Night: at the ſame time you will find on the 
backſide what Point of the Compaſs the Guards are upon, ſo that you 
may know alſo what Diſtance the North Star hath at that time either 
u or under the Pole. | 
In Noctutnals made for both Bears, the Uſe is the ſame, only theſe 

have on the ſecond moveable Part two Indexes, one marked G tor 
Great Bear, the other marked L for Little Bear; and likewiſe on the 
backſide there is two Circles diſtinguiſhed by the ſame Marks, but their 
Uſe is the ſame as before taught; only if you oblerve for the hour of the 
Night by the Guards of the Little Bear, uſe the Index marked L, or if 
you ſeek the height of the Pole Star, look in the Circle (on the backſide) 4 
marked L : But if you obſerve by the Pointers of the Great Bear the 
Index and Circle marked G, Cc. 


To 0 fad the Time of the Moon's coming to the South, any Day of ber As, aud 3 
alſo the Time of Higiwater that Day. = 2 


"Til Find the Moon's Age on the moveable Part, and 7655 againſt 
it in the Circle of Hours, you will find the Time of the Moon's Southing. 
Sup poſe the Moon were r Daya old, I demand the Time of her 
coming to the South. 

Therefore look for 9 on the Circle of FO Age, and right alen it 
vou will find in the Hour Circle, almoſt half an Hour paſt 6 of the Clock 
in the (Evening becauſe that always between the Change and the- Full 
ſhe cometh to the Scuth in the Evening, but after the Full ſhe cometh to 
the South in the Morning :) So having found the Moon's Southing, i if 
- you add thereto the Hour of the flowing at any Place, it wil ſhew you 

the Time of High- water that Day. VO 1 

— 


*, 20 
1 — 
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The uſe of the Plain-Scaſe. „ 5 1 


Ruemgle Suppole here at London, the Moon being 8 Days old 1 find 
by the Nocturnal that the Moon cometh to the South at almoſt half an 
Hour paſt 6 of the Clock; to which I add three Hours, the time of 

High water at the Full and Change, which makes Mine of the Clock, 
and almoſt half an Hour paſt, the time of High- water at LondonBridge, 
that Day of the Moon's Age. 

And if thoſe Numbers being added together ſhould exceed 12, that 12 
muſt be ſubtracted from it, and that will be the time of Full Sea. = 
As ſuppoſe the Moon ſhould be 13 Days old, at which time I find by 
the Nocturnal that the Moon cometh to the South at 10 of the Clock, 
and almoſt half au Hour, unto which if you add 3 it makes 13 Hours 
and a half, from which if you take 12, there remains 1 of the Clock, 
and almoſt balf an Hour, the time of High-water, at Londpn-Bridge, 
according to the common Way of Computation. 
And to know the Time of F all dea at any other Place I refer you t to 
the Tide Tables. 


: CHAP. XI. Ga the Uſe o the P lain Scale, Gunter - Scale, ; 
3 Plain Chart, Mercator's Chart, and of both Globes. 


| The Deſcription and Uſe of the Plain Scale. 


HE Uſe of this Inſtrument 1s facile and delightful, and ſerves the | 
Conſtruction of Problems in Navigation and Aſtronomy, 
"The Lines on a Plain Scale, are uſually a Line of equal Parts, Chords, 
 Rhombs, and Longitude ; but on this here deſcribed, are N a 
Line of Sine, Tangents, and Secants. | 
We ſhall here mak the Projection of cheſe Lines on the Scale. 5 


The Line of Rhombs.. 
5 "oy F*** 
> ED | 
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Tbe projection of the Line of Rhombs. 


For the dividing of the Line of Rhombs, firſt draw the Line A C N 


and upon the point C deſcribe the Semi- circle A DB, and divide the 
Quadrant AD into 8 equal Parts; which being done, ſet one Foot of 
your Compaſſes in the point A, and with the other Foot extend to each 
of thoſe Diviſions, and transfer thoſe extents unto the Line ACB, which 


will divide the ſaid Line into 8 unequal Parts, which will be a Line of 


” --Rhombs, and to number with 1, 2, 3, 4, Ce. unto 8: And ſo the 
Halves and Quarter-Points of the Compaſs are to be inſerted. 


The Projection of the Line of Longitude: 


| , Firſt, draw the Quadrant C A B, and divide the ſide CA, into 60 : 


equal Parts, then through each of thoſe equal parts draw Lines parallel 


to the ſide A B, until they touch the Quadrant CB; which being 


done, ſet one Foot of your Compaſſes in the point C, and extend the o- 
the foot unto each reſpective point of Interſe&ion in the Quadrant B C, 
and then transfer them to the Line CD which is to be the Diſtance be- 


tween C and B, or the Chord of go degrees; ſo ſhall thoſe Interſections 


divide the Line C D into 60 unequal parts, which is called the Line of 


Longitude. e e gone RT RS > 
T be Projection of the Line of Sines. 


| The Projection of the Line of Sines is thus to b 


A ine through each tenth degree of the Quadrant parallel to the Line 


AC, it will divide the Line (D C into 90 unequal parts, which will be 


| a ine of Sines, to be numbred from C towards D, with 10, 20, 30 
= 322 RR 


e performed ; Firſt a 
dtaw the Line ACB, and upon C draw the Semi- circle, and one of the 
Quadrants divide into 90 degrees, as the Quadrant ADC; then digw 


The 
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1. Line of Veld Sines. 
The Proje& 


on öf the Line of Verſed Sines, is thus to be effected: 


Firſt, draw the Line ACB, and upon © deſcribe the Semi=circle ADB, 1 


which divide into 180 degrees; then through each degree drawing Right 


Lines parallel to the Line DC, they will divide the Line AB into 10 


unequal Parts, which will be a Line of Verſed Sines, to be numbred 
-  t': - The Line ff Chord: 


For the Projection and Diviſion of the Line of Chords vou muſt fir =—_ 


draw the Diameter ACB in the following Scheme, and upon the Center 
C deſcribe rhe Semi circle ADB; which Semi-circle divide into two 
Quadrants by the Point D, then divide the Quadrant DA into 90 equal 
parts or degrees; this being done, ſet one Foot of your Compaſſes in 
the point A, let the other be extented to each degree of the Quadrant 
AD, which Hxtents transfet unto the Line ACB, as you may (ee the 
Arches lead in the following Figure. This Line ſo divided into 90 
unequal Diviſibns, is called a Line of Charas. Alter this manner you make 
it of what Radius you pleaſe, and number it witk 10 20, 30, &c. 
Firſt, ura the Quadrant as in the foſlowing Scheme, and divide it 
into 90 degrees; and from the Point B erect a Perpendiculat᷑ Line, as the 
innermoſt Line TB; then from the Center C draw. Lines through each 
degree of the Quadrant CDB, until till they touch rhe Ine TB, and 
thoſe Tnterſe@ions will divide the line T, into a Tasgent, to be num- 
bred withr ff? eee EIS 
Having drawn thoſe lines in the following Scheme, through each re- 
ſpeRive degree of the Quadrant, * the Center C, until they wk 4 
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the line TB, extend your Compaſſes from the Center C to the extremity 


8 


of each reſpective line, and the Foot ot the Compaſſes ſtill remaining in 
the point C, transfer the ſaid lines unto the line CDS, ſo ſhall they di. 
vide the ſaid line into unequal Parts, which is a Line of Secants, and F 
number them with 10, 20, 30, Oc. 5 8 
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"Plain i Sailing hy o bt Plain. Scale: * 


„„ 
| Problems of Plain Sailing by the Plain Scale. 1 b 


PR O 8. 1 %, A Ship fails N E. by E. 108 Leagues ; 1 demand the 22 
trence of Latitude and Departure. 

PE oy ha Problem of Plain Sailing, 

AC repreſents the Diſtance ſailed. 

A AB the Difference of Latitude. 

BC the Departure. 

BAC the Courſe. 


ACB the Complement of the Courfe. 


Plas: 5. Fig. I - 55 
Draw the occult line AB, take off 60 from the ling ot Chords, and 
ſweep the prick d Arch de. Set off the Courſe five Points, taken from - 
the live of Rhombs, from d to e; then draw the line Ae C, and ſet öff 
108 leagues by the line of equal patts, from A to C; let fall the Per- 
pendiculat BC, and ſo finiſh the Triangle A B C, in which you will find 
the Difterence of Latitude AB 60 leagues ; the Departure BC 90 leagues. | 


PR 0 B. IL. 4 Ship fail, N. E. by E until her Difference of Latitude be 
60 0 Leagues; 3 1 demand the Diſtance and Departure. 
Plate 5. big. 13. 
Draw A Bof the given length 60, and taiſe the occult Perpendicular 
; C. {er off the Courſe five Points, as in the former Problem. \ Draw 


| AC until it meet with BC, and finiſh the Triangle ; che Diſtance BY 
108 leagues, and the Departure 90 leagues. 


PROB. IT. 4 Shi p. Sails SI. by IF. until ber pere, 9 8 z . 
I demand the Bifaut and Difference of Latitude? Plate 3. Fg. 14. 


Draw the occult line AB, and raiſe, the Perpendicular BC of the 
given length 90 leagues ; then upon the point C ſweep the Arch de 
with the Chord of 605 and place the Complement of the Courfe three 
points from d to e; then dtaw Ce A until it meet with AB, and finiſnm 
the Triangle. | The Diſtance'i 108 leagues, the Diffetence of 1 Latitude 
so ge e R9 LF 
PRO B. IV. 4 Ship Tails 3 the North 8 Ea 108 Habe 1 
l the Difference Latitude ze 60 Leagues ; ; 4 demand the Cour Je and De- 
parture? Plate 5. Fig. 15. 
Draw AB 60 leagues and raiſe the occult Perpendicular BC, take 
8. the length of AC the yy ance. 108 leagues, and placing 9, bole 
40 ka ar. A, d 2. oO 11 Arch cutting ns NE . 


| * 1 Fs Plain Sailing b the Plain r 


at the Point C, by which draw AC, and finiſh the Triangle; ; the De: 

parture BC is go Leagues; with a Chord of oe ſweep the Arch de, 

which meaſured upon the Line of Rhombs, wil be found tive Points 
the Courſe foughr. 

PRO B. V. 4 Ship ſail between the N and the E. 168 Leagues, until 
ber Depart ure be Ho Leagues 1 demand the Courſe aud Difference 1 
Latitude ? Plate 5. Fg. 
Draw the occult Line A B, and raiſe the Perpe ndicular B C of h 

given Length 90 Leagues; rake AC 108 Leagues, "ad ſetting one Point 

of the Compaſſes at C, deſcribe the occult Arch, cutting the Line AB 
at A, by which draw AC, and finiſh the Triang le. The Courſe is found 
hve- Points, meaſured as in the former Problem, the Difference of Lati 


mda da ln. BET 


PR o VI. 4 Ship ſails between the N. vey E. ant the Difference of 
Eittitude be 60 Leagues, and the Deparince 90 Leagues'; I demand the 
_ Canrſe and Diſtance ? Place 5. Fig. 15 
Draw AB 60 Leagues, raiſe the Perpetidiculay BC 9o Leagues, and 
by the Points A and C draw AC, and finiſh the Triangle. The Courſe 
Is found 5 * as in the Ach Problem, the Diſtance 108 — 


A "Gm by the Plain- Scale. PF 
POR. vi. 4 Ship ſails SS WW. 40 Miles, then & . 60 Mile, then 
SE. 63 Miles, Few v S . 75 Miles then S E by S. 56 Miles ; 1 
demand the Courſe, Diſtance, Difference ef Lane, and Departwre 
made good © Plate 1. Fig. 7. 
Firſt draw the Line AB ax pleaſure, God as non are taught in Prob. 1. 
of this:Chapeer) ſet off SSW, 40 Miles Tow A to, D, and for the reſt of 
the Courfes obſerve this general Rule. 
Find, how many Points it is between the e Courſe y. you are next to lay 
down, and, the Paint oppoſite to the Courſe laſt laidIdown, for that is the 
Points for lay ing down; thus the Caurſe laſt ſailed when the Ship is at 
D i 5 80 k poſite Point is NNE. Tbe next Courſe is SW. the 
Points between en N NE. and SW. is 14 Points, or 157 zo', there- 
tors. with the Chord of 6oꝰ and one Foot in D deſcribe the Arch AK, 
upon which ſer off 14 points from A to K, and draw the Line DK E, 
1 ch will be a South by Weſt Line, and upon that ſer off the ſecond 
Diltance 60 Miles from D to E, the point che Ship ls in at the end of 
the ſecond Courſe.” 
But when the 'Courſe laſt laid down ad the Code next to be Jaid 
down, makes ſo great an. Angle with each other, as bete AD and _ 
| — 


Traverſe by the Plain- Scale. 157, 


wakes an Angle of 14 Points at D, you may continue the line ab 


obſcurely to R, and with the Chord 2 60 draw the Arch RK ; and 
becauſe A DR i is a 8. S. W. Line, and your next Courſe is to be S. W. 
fer off two Points from R to K, and through K draw the Line DE, 

and ſet the 2d Diſtance 60 Miles from D to E. and ſo by one or other 
of theſe Methods, always chuſing to ſet it off hat way that requires the 
leaſt extent ot the Compaſſes, (for then you are ſubje& to leſs Errors) 
which being done you will find that Age A the firſt Courſe S. S. W. 

40 Miles, brings her to D, and from thence 8 W. 60 Miles to E; and 
'. after failing 8 by E 63 Mues ſhe arrives at F, and then W. 8. W. 49 
M.iiles, brings her to 8, and S. E. by S 56 Miles to C, where ha 
| Courſe, Diſtance, Difference of Lockods, and Departure 'made good 
is required : For finding ot which, let fall the Perpendicular CB upon 
the Line AB. and on 'AC, and with the Chord of 60, and one foot 
in A deſcribe the Arch P O from the Line AC to the Live AB, then 


p O meaſured on the Chords, ſhew the Courſe South 16? 12 Weſt⸗ 


erly ; or S. by W. almoſt half W. Tue Diſtance AC 211 Miles, the 
Difterence of Latitude AB 203, and the Departure BC 59 Miles, and 
this is ſufficient for all Varieties of Traverſes in Plain Sailing; which 
ſerves only in mort Diſtances, or near the Equinoctial, and therefore ſhall 

forbear to enlarge here, and the rather becauſe in a few Pages further 
we {hall ſhew the Uſe of the Plain Scale in Mercator s Sailing; and how WW 
to lay down a Traverſe both in the Latitude and Longitude, to which 9 
1 refer you boy's more intite Satisfaction. 


| Oblique Sailing by the Plain Sailing, 


PR o B. vil. There are two Ports thas bear $ W by 5. * N E by N. _ 
diſtance 40 Lenguer A Ship ſails from the- Northermoſt of them, firſt ; 

South, and then Weft 55 South, ſometimes upon one of theſe Courſes, ſome- 

iim t upon the other, until ſhe arrive at the Southermoſt Port; 1 demand 
bow many * e #pon: « one A and how many upon tbe 
„ | ah Plate 5. Fig. 16 


Let A reppnſeis: the Northermoſt Ron ad K the Sektion 4 E 


thei diftance,, AD the diſtance ſailed upon the South Courſe, DE the L 
diſtance upon the W. by S. Courſe. © 


Draw the line AE 4o Leagues, being a N. E. by N. and S Wby S line 
deleribe the Arch / g; ſerting off three Points, and draw the the ime 1 


AD, being a South line; then ſweep the Arch þ1, land ſet off four Points, 


| drawing We line DE; until it meet with AD, and fo finiſh the 


Triangle A DE, The Diltaiice ſailed South i is 2 Le nes, and W. b 
. is 22 Leagues and a half, Gs E 165 
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FROB, IR. There are two Hands that bear Eaſt and Weſt, and are di- 
fant 40 Leagues; à Ship ſails from the Wejtermoſt NE t+y-E. and then 
failing 22 Leagues and a half farther, arrives at the Eaſtermoſt Port; 
I demand the Diftance ſailed upon the firſt Courſe, und what was the 

 fecend Conrſe ? OT Eo ma . 


Let A repreſent the Weſtermoſt Port, E the Eaſtermoſt, D the Place 

where the Ship altered her Courſe, making the beſt of her Way; AD 

the NE. by E. Courſe; DE the the other Courſe unknown; draw AE 
40 Leagues, ſet off an Angle of three Points, and draw AD, the NE, 

' Hy E. Line occultly, take the Diſtance 22 leagues and a half, and pla- 
ding onè point of your Compaſles in the point E, croſs the line AD 
in the point D, draw DE, and finiſh the Triangle. The Diſtance upon 
the firit Courſe is 29 leagues, the Angle at E is four points, therefore 
the ſegond Courſe is S. E ni. on inn ο A ih e ct 4. v1 


PRO B. X. Tizo Ships ſail rom th ſame Ind, the firſt ſails. NW. I 
N. 22 Leagues and a halt, the ſecond: W by N. 40 Leagues, and arrive at 
their ſeceral Ports; I demand the Bearing and Diſtance of thoſe Ports? 
71 231303 Dis. ein n W Mate „Fig. 16. 
E. repreſents the Iſland, D the Northermoſt Port, A the Weſtermoſt. 
Draw AE 40 leagues, and ſet off the Angle at E four Points, and 
draw DE 22 leagues and a half: then by the points D and A draw AD, 
and finiſh the Triangle. The Angle at A is three points, which ſhews 
the Bearing of the Ports to be E. N. E. and W.S. W. and the Diſtance 
AD almoit 20 ˙ ⁰ A nr no odio os eu Bec 
PROB. XI. 4 Ship ſails from a certain Port W NV 22 Leagues, and a 
half, and then more ſoutherly 29 Leagues, aud then ſte is forced back a. 
gain tothe Port from whence ſhe came qo Leagues; Idemand ber Courſe 
from the ſecond Place to the third, aud how. ſhe ſteer d back again. 
E repreſents the firſt Port, D the Place where the Ship altered her 
| Courſe, A the Place where ſhe was driven back. © © 
Draw the line DE 22 leagues and a half, take the Diſtance A D 29 
leagues, placing your Compaſſes in the point D, deſcribe the octult | 
Arch at A, and take the Diſtance A E 40 Leagues; 'deſcribe another 
occult Arch from E croſſing the former in the point A; draw AE and 
. AD, and finiſh the Triangle. The Arch mn 58 points, therefore the 
Courſe ſrom the 2 Place to the 39, is S. W. by S. and ſhe ſteer d back 
again to the firſt Port E. N, E. A den ni 20 g 300380 MA 
' Here follow ſome Problems in 77 Sailing, wrought two wWays. 


. Firſt, by the Plain Sale only, by taking the middle Latitude; which 


* 
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Miercator's Sailing. 4390 
is not exactly true, but may ſerve as an Approximation in a ſingle Courſe, i 
provided the Diſtance be but ſmall, otherwiſe it is too groſs. = 
The 2d Way is by the Meridional Parts, which will be exact accord- 
ing to the Capacity of the Inſtrument. RD 


The Uſe of the Plain Scale in Mercator's Sailing by middle Latitude. 
PROB I. A Ship being in the Latitude of 4.0*, ſails a N Weſterly Coui ſe, 
until ſhe come into the Latitude 45* 30", the Difference ef Longitude 90 
Leagues; 1 demand the Courſe, Diſtance, aud Departure? EET 
xy // OOO Os Plate 4. Fig. 10. 
For the Solution thereof by the Plain Srale, firſt draw the line ACB, 
and upon the Center C deſcribe tne Semi- circle A DB, and croſs the _ 
line AB at Right- angles with the line EC D; then find the middle 
Latitude, by taking the half Sum of both Latitudes added together; 
which you will find to be 42 45“, which middle Latitude ſer off from 
D to M and L both ways, and draw the line ML: then ſet the 
Diſtance DF from B to G, then ſet off the Difference of Latitude 110 
Leagues from B to H, and from G to A, and upon the point A ere& 
a Perpendicular as AK, and from A ſet off the Difference of Longi- 
tude in Leagues which is 90; to K, and from the Point K, draw the line 
K G, then from the point H erect an occult Perpendicular, as the line 
HI; then laying a Ruler upon the point B to the point E (where the 
line B K doth cut the line E C) and draw the line BI, then upon the 
point B deſcribe the occult Arch Cn, wh ch being meaſured on the 
line of Chords will be found to be 31 or two Points three Quarters, 
which is the Courſe required, NNW. three quarters Weſterly; and the 
line BI is the Diſtance required, which being meaſured upon the line of 
Leagues, will be found to be 129 Leagues, and the Departure KI 66 
JJ ᷣ HED IE V ( . 
PRO B. II. A Ship being in the Latitude 40? North, ſails NM. three 
quarters (or 7e Weſterly, until ſhe come into the Latitude of 45 30 3 1 
demand the Diftauce run, the Difference of Longitude and Departure ?—\ 
TIONS COTS OLDIES eee 
In the Solution of this Problem by the Plain Scale, draw the line AB, 
at any convenient Length, and upon C deſcribe the Semi- circle A DB, 
and find the middle Latitude as before, and ſet it off from D to M and 
I., and draw the line M L, and upon the point B deſcribe the obſcure 
Arch Cn, and ſer off the Courſe given, (which is two Points three 
quarters, or-3 3? and a quarter) from C to u, and ſet the Diſtance C F from 
C to G, and from B ſet off the Difference of Latitude 110 Leagues, 
and the ſame Diſtance from G to A, and from the Points H and A . 1 
e e Ga 1 oi 
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c.rect the two Perpendiculars HT and A K, then through the Point n, 


draw the line BI, which being meaſured in the Scale of Leagues, will 
be found to be 129; then laying a Ruler from G, to the Intetſection of 
the lines at E, draw the line G K, and note where it interſecteth the 
line AK, which is at K: So the Diſtance AK being meaſured upon the 
Scale of Leagues, will be found to be go Leagues, the Difference of 
- Longirude ſought, and HI the Departure 68 Leagres. 70 


RO B. In. A Ship being in the Latitude 40 North, ſails between the 


North and the Weſt, until ſhe arrive to the Latitude of 45 30', and that 
ber Diſtancezrun be 129 Leagues; 1 demand the Courſe, Difference of 
Longitude and Departure ? VVV 


Firſt, draw the line AC B at any convenient Length; and upon C 
deſcribe the Semi-circle A DB, and fer off the middle Latitude as 
before, and likewiſe the Diſtance C F from Crto G, alſo the Difference 
ol the Latitude in Leagues from B to H, and from G to A; then ere& 
the two Perpendiculars at H and A, then take the Diſtance between 
the Compaſſes, and ſet one Foot of the Compaſles in B, and extend 
the other, Foot towards I, until it doth interſect the Perpendicular raiſed 
from H, in the Point I, and draw BI; then laying a Ruler upon the 
Point G, unto the Interſection ot the lines at E, draw the Line GK, 
and note where it doth interſe& the Perpendicular raiſed from A, which 
will be at K; then the Diſtance K A being meaſured on the Scale of 
Leagues, will be fcund to be go, the Difference of Longitude ſought: | 
Then for finding of the Courſe with the Radius of your Scale and one 
Foot in B, draw the ob{cure Atch Cn, and that being meaſured on the 
Line of Chords, will be found to be 31?, or two Points three Quarters, 
the Courſe required, which is NNW. three Quarters Weſterly, and the 


PR OB. IV. A Ship being in the Latitude 40 North, ſails NNW. three 
quarters (or 7 W.129 Leagues; I demand the Latitude of the ſecond 
Place, the Difference of Longitude and Departure? 
CHEE nba . ILY 

Firſt, draw the Line B A of any convenient Length, then from one 

end thereof, as B, d. ſcribe the occult Arch Cn, and ſet off 31“, ot 
two Points three Quarters from C ton; then by the Point n draw the 

Line BI, the Diſtance 129 Leagues, and from the end thereof as at I, 

let fall the Perpendicular TH ; then meaſure the Difference of Latirude 

HB, which you will find to be 130 leagues; or; 30“; the Latitude of 

the ſecoud Place is 45˙ 30%. Then having the two Latitudes find 3 
3 3 „ „„ OF 
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middle Latitude, as is befote directed; then upon the line BA, and up- 
on the Center C deſcribe the Semi- circle B DA, and drawing the line 
DE from the point D ſet off the middle Latitude 42? 4;' both Ways 
roM and I, and draw the line ML; then take the diſtance DF in your 
Compaſſes and ſet it off from B to. G, and from H to A; then upon the 
point A erect an occult Perpendicular as MK; then by the point E, 
draw the line G K, till it interſect the Perpendicular at K, then draw the 

line AK, which being meaſured in the line of Leagues, will be found to 
be 90 Leag. or 4* 30', the Diff. of Long. and HI the Dep. 67 Leag. 
See other Ways of projecting Middle Latitude Sailing. Chap. 6. 


Pp ROB. V. A Ship being in the Latitude 400 ſails in that Parallel, until 
hier Difference of Longitude be 6. I demand the Diſtance un. 
Io reſolve this Problem by the Line. of Longitude, on the Plain Scale 
you muſt underſtand, that according to the Gobe, the Meridians do 
incline. nearer together, until they concur and interſect each other in 
the Poles, ſo that hereby the degrees of Longitude ate not 64 of the 
Equin octial Minutes in any Parallel on the North or South fide of the 
Ezquinoctial; but the nearer to either of the Poles you approach, the 
more they decreaſe: ſo that in the Latitude of 60 degrees chere are but 
zo min. of the Equinoctial to one degree of Longitude; and in the La- 9 
| titude of 84 degrees, there are but 6 Minutes, which doth ſhew the 
Errors of the Plain Chart, and therefore in ſailing, it ought to be recti- A 
fied according to the Globe, and to that end was this Line of Longi- 
' tude contrived, which is thus to be uled. . 
If you defire to know how many Miles there are in a degree of Lon- 
gitude in any Latitude, you maſt extend the Compaſſes from the Center 
in the line of Chords, to the degree of the Latitude of the Place, and 
the ſame Extent will reach from the Center at 60 on the line of Longi- 
| tude, to the Number of Miles anſwering to a Degree of Longitude in 
/ CER EET 8 
Therefore for the Solution of the fifth Problem here propoſed, extend 
your Compaſſes upon the line ot Chords, from the Center co the Lati- 
tude of the Place, which is 40 degrees, and the ſame Ex: ent will reach 
| from the Center at 60, in the line of Longitude, to 46, which ſhews 
| that 46 min. make a degree of Longitude in that Latitude, which 46 be- 
ing multiplied by 6, the degrees of Longitude, gives 276 min. the Di- 
ſtance run which was required. FFF 
PRO B. V J. A Ship being in the Latitude of 40 deg: ſails in that Parallel 
2076 min. I demand her Difference of Longitude ? | 5 
For the Solution of this Problem, find how many Miles make a 
Degree of Longitude in the Latitude of 46*, (as in the laſt Problem) 
e ene ax 
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which is 46"; therefore if you divide 272 (the Diſtance run) by 46 (the 
Miles in a Degree of Longitude in that Latitude) the Quotient will be 
6, the Difference of Longitude require... 


3 Parallel Sailing by the Plain Scale. 
Bat if you would find the things required by Projection, or would 
have your Queſtion fo laid down, that what is given or ſought may be 
| meaſured by Scale and Compaſſes ; a very proper method (which is alſo 
a Demonſiration of the Proportions we have made Uſe of in working. 
Parallel Sailing by a Canon) is as follows. Plate 2. Fig. 7. 
Upon the Plain Scale, take in your Compaſſes the Sine of 90˙ (which 
is equal to the Chord of 6@) and ſet from A to B, and at E raiſe the 
Perpendicular BC; and ſet the Sine of the Complement of Latitude from 
A to b, and raiſe the Perpendicular be, and if the Difference of Longi- 


* rude be given, fet it on the line BC from B to C, but if the Diſtance 


be given, ſet it off upon the line be, from b to e; and through C orc | 
draw the Hypothenuſe AC, ſo is Ab the Sine Complement of the Pa. 
rallel of Latitude, bc the Diſtance, BC the Diffetence of Longitude: 
So that in three things, viz. the Latitude of the Parallel, the Diſt. ard 
Diff. of Longitude; if any two be given, the third may be found; 
| Exanple 1. A Ship in Latitude 60* o falls due Welt, till her Diffe- 
rence of Longitude be 7* 17, or 437. Idemand how far ſhe hath ſailed 
E 2 87 27097 907 27S ASI Ys 2 ET 
Draw A R equal to the Sine of 90; and take in your Compaſſes the 
Sine of the Complement of Latitude, which here is 30 (the Latitude 
being 60) and ſer from A to b, and raiſe the Perpendicular B C; upon 
vhich ſet off the Difference of Longitude 437, from B to C, and draw 
AC; and at b erect the Perpendicular be, to cut A C in c; and be 
meaſured, will be found to be 2187, the Diſtance required. * 
Example 2. A Ship-in Latitude 42 10, fails W. 397 Miles. I de- 
mand her difference of Longitule? Plate 2. Hg. 8. 
With the Sine of 90® draw the line AB as before, ſet the Sine of the 
Complement of the Latitude from A to b, and raiſe the PerpenJicular 
bc, upon which fer off the Diſtance 3 97 Mites. © Erect alfo the Perpen- 
_ dicular BC. and from A through the point c draw AC, till it cut BC in 


C, fois BC, the Difference of Longitude 536 or 8* 56 


Example 3. A Ship ſails Weſt 597 Miles, her Difference of Longitude 

769 Minutes, or 12 49', I demand what Latitude the failed in? 
Having drawn A B (the Sine of 9) raiſe the Perpendicular B C, upon 
which ſet off the difference of Longitude 769, from B to C, and draw 
AC, then take in your Compaſſes the Diſtance 597 Miles, and "we 


4 
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done foot at (or near) the end of the Line AB, as A; ſweep the pricked 
Arch d, and with one Foot in (or near) B, and the ſame Extent ſweep 
the ſmall Arch e, lay a Ruler from the Extremity of both theſe Arches, 
it will cut A C in c; from c let fall the Perpendicular c b to cut AB in 
b, the Extent A b taken i in the Compaſſes and applied to the Line of 
Sines, reacheth to 50˙ 56“ the Complement of e, 50 that che | 
Latitude is 39? 4, which was required. | 
And becauſe the Triangles: B A C aud bAc are ſimilar (having one 
Right- angle, and the Angle at A being common to both) therefore their 
Sides are proportional, by Eucl. Lib. 6. Prep. 4. that is, As Baſe A b 
to Baſe AB; So Tespe be, To Perpendicular BC. Or by 
alrering the Term it is, As Ab, to bc; So PAB, to BC. And be- 
cꝛuſe in this way of projecting Parallel Sailing Ab is Sine Complement 
of Latitude, bc the Diſtance, AB Radius, and BC che . Difference 
ol Longitude; it will follow, that as Sine Complement. of Latitude 
Ab, to * Diſtance be ; ſo is Radius AB, to the Difference of Longi- 
tude BC. Which is the Propottion made Uſe of in our Trigonometrical 
Operations in Parallel Sailing; which is hereby clearly demouſtrated, and 
his Propoportion altered or inverted as 'occafion requires, feryes i in all 


. Caſes lor reducing Miles Eaſting or Waling. to. Mautes ot Degrees of 4 | 


| Longitude, and the contrary. 
| Queſtions in Sailing in -3 Parallel, may ao be laid down by 4 Right 
angled Plain Triangle, with only one Perpendicular, making the Perpen- 
dicular equal to the Diſtance ſailed in the Parallel, and the 1 at the 
Baſe equal to the Complement of Latitude; fo ſhall che Hyporhenuſe be 


equal to the Difference of Longitude, eh Fg 137 nn 


Example. Suppoſe a Ship las Welt 206 Miles, in Latitude 56 13, 
make BC ad, ther Angle BAC 33 45 equal to the Complement: of 
Ladtndes and having finiſhed the Triaggle it is, as Sine of BAC Com- 
plement of the Latitude, To Side oppoſite BC the Diſtance ſailed: So i is 
Radius, * To: „ AC, T 8 Difference th Longitude, 372 
or 6 12, and this Way allo ou may y any two t ings iven, lay it 
donn and find the third. i 8 , 
O | | A 

| dnother way; 10 work Meccator's Soilins by the Plain Srale, and FY 3 
 Meriatonal: Part. 
BRO B 1. 4 Ship ſails 88E. from the Latitude 40 * North, genie Kent 
4 35" North. 77 per the Diſtance Jailed, the as hav aud difference 

74 > fl - Gl ü benni go J Plate 5. Fig. 17. 
des: 15 North, aud a9 33 North, find the 

| Meridional Difference of Latitude by the Table of Meridional Parts, which 
is 186' and "75" Hae the one Latitude from the other, the Ditference 
is 27 25', or 1430 X 2 To 
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To work this Problem, draw the line AbB, then place 145 from A 
to b, and 186 from A to B; raiſe the two occult Ferpendiculars, be 
and BC, ſet off the Courſe two points and dra the line A c C, produ- 
cing it until it cut both the Perpendiculars in the points c and C, and ſo 
- finiſh the two Triangles Abc and ABC. The Diſtance EY is 152 
the Departure be 58, and the difference of Longitude BC 77 


PROB. II. 4 Ship Falls Nun the Latitude 46% N. to the Latitude 17 10 

N. until ber Difference of f. Longitude be 77 an . 
Diſtance and Departure? Plate 5. Fig. 1). 

The Meridional Difference of Latitr de i is, as in the firſt Problem, 

186. the proper difference of Latitude 1400. 

| Draw AB 186 place 140 from A to b. raiſe che Perpendicular BC 
of his given length 77 and alſo the occult Perpendicular be; by the 


points A and C draw AC, and finiſh the two Triangles. The Courſe 
the Angle at A is two points, or NNW. the Diſtance Ac TH . the De. 


parture 58. 


P ROB. II. 4 Shi ſails N. weſterh ns hs Latitude A N 


to the Latitude of 42% 20" North Fdemand "he Courſe, Departure, Ny | 


Difference of Longitude? ee 211! Nate 5. Fg. 17, 
Tue Meridional Difference of Laitude is 180 Minures, The! Proper 


Difference of Latitude 140 Minutes 
Draw AB 186%, and Ab 140“, as before) Kü te the two dove 


5 Perpendiculars bc and BC; ke the Diſtance 152; and lacing one 
point of your Compaſles i in the pomt A, cròſs the oceblt line bc in the 
point c, and draw A e producing it until it concur With BC, and finiſh 


the Triang ſes The Ccurſe is et; pm xd or: N. N. M. the Departure 
38, the difference of Longitude 77 afl. ana! fix 


* 1 


5 P 8 O B. IV. 4 Ship ſails N * min. 1 FR Hart? 406 Nor 


 T-demand the Lititude, ns cabal and D: ference of Longitude ? - 
| lic: tf Plate 5. ah 


" 1 the oecult e AB, an d ſer off the Cqurſ; : two points, and the 


Diſtince- Ac 152½ let fall the Perpendicular bc, Ard fo finiſh che Tri- 
angle Abc. Then Ab will be found 40“, or 25 20', which makes the 
other Latitude 42 20', by which you will find the Mead: Differ. bf Lktit 


to be 1860. Piers. 185'. from A tog, and raiſe che dœcht Perpendicular 


BC, until it meet with Ac C continued, and ſo finiſh the e 


The 'Depanore* b &is 58 thin) The difference ot Lbnginuds . 
rann 9 Tarr 70: ©, unn. W UN e wu 
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The e of the Plain-Scile, in Jaying drun and working 4 Travelfk, 4e. 
e .. cording to Mercator s Projettioas. wiſh D p 
A Ship in Latitude 43 25 North, bound for a Port in Latitude 40 
00! N. difference of Longitude Weſterly ; from the Morthermoſt Port 
to the Southermoſt is 4* 52', or 292“, ſhe ſails S. W. by S. 47 Miles, 
then S. S. W. halt W. 53 Miles, then S. by E. half E. 62 Miles, then 
WN V. three quarters W. 61 Miles, and laſtly W. S. W. a quarter W. 51 
Miles. I deſire to know the Latitude come to, with the true Courſe and 
Diſtance made goed; and alſo the Courſe and Diſtanee ſrom the Ship to 
. ! a- Toes Ic, 
Firſt (As you are taught in Prob, 1. of the Uſe of the Plain Scale in 
Mercator's Sailing by Meridional Parts) having both Latitudes and Dif- 
ference of Longitudes between the Ports, find the Meridional Difference 
of Latitude, which is 274, which ſer upon the line AD from A to D, 
and raiſe: the Perpendicular DE, upon which ſer the Difference of Longi- 
tude 292 from D to E, and draw AE: Set alſo the Difference of Lati- 
tude between the Ports 205 from A to d, and erect the Perpendicular 
de to cut AE in e; which done, A repreſents the Port ſailed from, 
Ae the true D. ſtance between the Ports meaſured upon a Scale of equal 
Parts, according to Plain Sailing: ; E the Port bound for as it isfrepre- 
ſented in the Mercator's Chart; D E the Difference of Longtiude 29, 
and here only lies the Inconveniency that attends Mercator's Chart, that 
altho E repreſents the Port bound for in the Mercator's Chart, yet Ae 
meaſured upon a Scale of equal Parts, ſhews the true diſtance; but when 
the two Ports A and E, are placed each in its proper Longitude ard La- 
titude there is ſo much difficifity attends the common Way of finding 
the true Diſtapce, that 1 ſuppoſe. has chiefly if not only diſcouraged ma- 
iy Perſoos from the frequent Uſe of the Mercator s Chart, and made them 
to return to the old but erroneous Practice of Sailing by the Plain Chart; 
eee 


oe 


0 to 


make à Scale for every Mercator's Chart, whereby you may witl 


a'Scaſe 10 fender ſuch a true anduſeful Intention, 0 
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Ade and ADE, ſet off your firſt Diſtance 8 W by S. 47 Miles from 
A to g, and SS W. half W. 51 Miles from g to h, Ce. as you are 
taught in Prob. 7. of Plain Sailing by the Plain Scale; and having laid down 
your ſeveral Comfſes from k to k, and thence to m, the next Courſe, which 
is the laſt propoſed in the Queſtion brings her to c, and the Diſt. made 
good is Ac 204.2 Miles, the Difference of Latitude A. b 146 Miles, 
and conſequently the Latitude come to is 40% 59', by which you find 
 Meridional'Difference of Latitude A B 198, from B erect the Perpendi- 
cular BC, to cut A c (produced) in C, then is BC 191 the Difference 
of Longitude made good, and C repreſents the Place that the Ship is 
ie, in a Mercator $ Chart, therefore draw CM en to 5 D, and 
draw CE, then is, 
M the Meridional Difference of Latitude, 1 
ME the Difference of Longitude, Tr Between the 
CL the Difference of a Ship and the 
CR the Diſtance, Port; | 
R C L the Couſre. 


When we come to ſhew the Uſe of Mercator”s Chart, we ſhall do; It 
by a Traverſe laid down by the Scale above propoſed, whereby the Ship 


= n or proper Difference of Latitude. aff! 
| P R 0 B L E M 8. of Great circle . 


PR OB. L Two Places 'beth in one Lafttude, the Difference of L Long unt ö 


being given, to find by what Latitude: aud Longitudes the Arch 2 and 


rr the ' Conrſes and Diftances from Place 10 Place in the Arch of 4 great Circle. 
Suppoſe the Lizard and Pengwin Itand on a New-found-Lend, : 


Z E te. 
both io the Latitude 50* North, the Difference of Longitude between 
them 47* ; I demand by what Latitudes and Longitudes the Arch paſſes, 
and the Courſes and Diſtances from Place | to Place F | 58% 
Þ late 4 R. 11. 
Draw the Line AE and; lace the Tang ent of a 20 deg. _ Comple- 


ment of the Latitude from to B: with h Sodes. 'of the Chords fweeps 


the Arch DE, and ſet off 47 deg. the Difference of Longitude from 
E to D, and draw the Line AD. and place the Tan — the 
Complement of the Latitude from A to C; then draw the Line BC, and 


opon che Arch DE, ker off every 05 deg. from E to P, and draw the 


mu d 


Having thus laid down the two Ports, and conſtituted the Triangles 


6 2 


is broughe to her proper Place in the Mercator s Chart, without regarding 
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prick'd Lines Al, Ae, Ad, Oc. and where theſe Lines interſect B C, 
place the Letters 6, e, d, f, g, Oc. The diſtances 4b, A e, Ad, &c. 
deing meaſured on the Line of Tangents, are Tangents Complement of 
the Latitude as follow. 2710 „ ᷑OVDłô ch Þ 


hi "I 


| Compl. | Latitnde | | The Latiudes. 
Ab | 39 L 1 
Ae | 3% . r 
Ad | 38 3.10.7 
| Af 372 527 1* 
E 
„%%% +3. 4 $84: + 
WTC 
WW]!!! 
Eee 


| Theſe are the Latitudes by which the Arch paſſes at every 5 deg. ot 
| Longitude, from B repreſenting the Lizard, to C which repreſents the 
land. 1 i SOT IN, "If apt | CE on 
Having theſe Latitudes and Longitudes, yon may find the Courfe and 

Diſtance from Place to Place, according to ercator s- Sailing - as you 

are taught Chap. 7. Prob. 1. of this Book, where you have the ſame 
Queſtion anſwered by Arithmetical Calculation; ro which {to avoid 


needleſs Repetitions) we ſhall refer the Reader for a Proof of his Work 


in this and the following Problem — © 
PROB. II. Two Places differing both in Latitude and Longitude, to find 
the Latitude and Longitude by which the Arch paſſes, and the Courſes aud 
Dias none Pics 10 Pies oo oo tg tot, 
Example. Suppole the two Places be Trinity- Harbour in Virginia, in 
Latitude 36* North, and the Lizard in Latitude 50* North, the Diftc- 
rence of Longitude between them 68 degrees. I demand by what Lati- 
tudes and Longitudes the Arch paſles, and what is the Courſe and Di- 
| ftance trom Place to Place? Place 4. Eig. 13 
Draw the line A F, place the Tangent of 40*, the Complement of the 
Lizards Latitude from A to C; and with 60? of the Chords, and one 
toot in A, delcribe the Arch EF, ſet off 68* from F to E, and draw 
the line A E; then place the Tangent of 54* the Complement of Tinitz- 
Harbour's Latitude from A to B, and draw BC, letting fall the Perpen- 
dicular A d, then ſer off every 5 deg. from E towards F, (becauſe 
we ſail from B) draw the prickd Lines Al, Az, Cc. the Diſtance Ar, 
A2, A3, c. meaſured on the Line of Tangents, gives the Comple- 
| 2; 5 ments 
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ments of the Latitudes, by which the. Arch paſſes at A 5 ** Dir. 1 
ference of Longitude from B, repreſenting, T rihity Harbour: towards C, 


which is the Liard. {4 
And thus havivg the Latitudes and Longitudes by which the ak. pal I 


ſes, you may alſo find the Courſes and Diſtances, as in the 2d Problen 
Chatter 7. which for a help to Memory, y * collect into a {mal I 
Table, as in the foregoing Example, Cc. 


Afronomical Problems wrought by the Plain Scale. 


P R OB. I. The Sun's Place or Diſtance Jrom the next Equinoflial Points, 
and the greateſt Declination being given; 10 find the preſent Declination, 
Example The Sun's place is 26d: g. 7 of: Taurus, that is 56 deg. 2 
| from the Equinoctial Point Aries ; 1 demand his Declination? 
Plate 5 Fig. 18, 
With the Chord of 600 geſeribe the Semi-ciiels, BDC, my raiſe 
the Perpendicular APD, and from the point C' ſet off the orc areſt De- 
clination 23+ deg. from C to E, and draw the line AE, then for the 
Sun's Longitude ſet off the 8. 561 deg. upon the line AE, from A 
to F; then from the point F, take the neareſt Diſtance FI to the line 
AC, which meaſuted on the line of Sines, is 191 deg. or elſe throug * 
the point F draw O H parallel to BAC; then AC meaſured on the. Sings, | 
or CH on the en e Tx deg. e . © OUDE EIN ene 
Nartherly. wr; od webe dae 


5 P R 0 B. U. The Suns 8 3 3 3 Prunus t given; 70 
F of T5 An fand his Place or Longituge.  ' ee * 0 4 4 
Exapple, The Sun $ Declination 1 is 19˙ North, increadog the great 
0 Declination (as before) 23 2 1 demand che Sun 8 true Place. 91 8 
| Plate 5 51 Fig. \ 18, 

Draw BT and deforibe the Semi cicele BDC, nail the Perpendicular 
AD, and draw the line AE, as in the former Problem, place yo" Sun's. 
Declination 19: deg. from B and C to H and K; and draw the line HK 
which interſects AE in the point F; the diſtance AF is the Sine of $67 1 
— Sun's. . from Aries ; 10 that the Sun 8 een is 2601 7 ol 


[2 R 0 P. III The Sur? 4 Place . net Dalai * givep, to fo | 


Iii Right Aſcenſion; © © 
Kb The Sun's place is 26% of Tauru;ythe greateſ Declination, 


as before; 1 demand his Bight Alcenſign } 4.9 Plate Fr Fig. 18. 
1 tan? Deſcribe 
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GH being Radius, which you may meaſure after this manner: Place the 
Diſtance HG from A to o; upon o as a Center, with the diſtance FG, 
deſcribe the occult Arch at m; a Ruler laid from A until it touch the 
Arch, will cut the Semi=circle BDC i in the point N; the e N 1s 
the Meaſure of FG 54, the Right Aſcenſion, 


WM, R O B. IV. The Sun's Declination given, (the greateſt Declination bein 
known) to find the Ne Aſcenſion. © 


Example. The Sun' s Declination i is 19% North increaſi ing; -1:femand 


the Right Aſcenſion. FOR | | Plate 5. Fig. 18. 
Deſcribe the Semi circle B D C, and draw the Line AD and AE as 
before; place the Declination 192: from Band C to Hand K, drawing 


HK; FG being meaſured, as | in i the third Problem, gives the Right Af- 
cenſion as before, 542. 


in Aſtronomical Prot'ems. ae; 


Deſcribe the Semi-circle, draw AD and AE, as beſore, place the Sine 
of 567, the Sun's diſtance from Aries; from A to F; through the point 
F 10 the Parallel H. K; then is F. G the Sine of the Right Aſcenſion, . 


PROB. V. The Latitude of the Place, and the Sun's Declination being 


given, to find his Amplitude. 
Esel. In the Latitude of 5 1 North, the San' 5 Declination being 


1) N. I demand the Sun's Am plitude? Plate 5. Fig. 19. 
Draw BAC, and the Setnf-citele' BZC, the Perpendicular AZ : place 


the Latitude or Height of the Pole 51% from. C to P, and draw AP; 


ſet off the Complement of the Latitude 383 from B to Q and draw 


AQ the Equinoctial; place the Chord of the Declination 17 from 
Q to D, and the Sine thereof from A to G, and draw the Parallel of 


Declination DF, AF meaſured on the Line of Sines is 29% the Anpli: =_ 


tude required. 


PROB. VI. The Latitude * the Mace) and the Sw? 5  Declination being 


given, to find the Aſcenfional Difference? 


Example. In the Latitude of 51% North, the Sun s Declination 17 N. 5 
demand the Aſcenfional Difference. „„ (LBS Oh 


Deſcribe the Semic-ircle BZC, and draw the Line A E, AP, AO 


and DF, as in the fifth Problem ; F G is the Sine of the A ſcenfior al 


Difference , to the Radius DG, which i is thus meaſured ; Place DG from 
A to o; upon o as a Center, with the diftance F G deſcribe the Arch 


2E; a Rue laid from A until it touch the Arch, gives the point I; and a 


BI, 23 *Z is the Meaſure of the Aſcenſional Difference. 
What the Aſcenſional — is, and the Uſe of i it may be ſeen 


Prob, 55 1 and Cba poo FT” 
. ; 8 . PROP, 


* A a 
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PR O B. VII. The Latitude of * 2 and the Sun's Declination "IE 
given, t0 find when the Sun ſhall be due Eaſt or Weſt. 


; Example In the Latitude 5 1*5 North, the Sun's Declination, 17 
North ; 1 demand at what time he ſhall be due Eaſt or Weſt? 
Plate 5. Fig. 20. 
| Diſetibethe Went Kren BZ C, and draw the Lines AZ, AP, AQ, 
and DO, as before; E O is the Sine ot the time from 6, chat the Sun 
is Eaſt or Weſt (to the Radius DO) to meaſure which, place DO from 
A to a, and upon the Center a, with the Diſtance E O deſcribe the 
Arch at g; a Ruler laid ſrom A, until it touch the Arch, gives the point 


= L, and BL 14 deg. # is the meaſure of EO, which reduced to time (Sce 
1 Pro. 7. Chap, 8.) makes 59' ; which ſhewsthat the Sun is due Eaſl at 


59' paſt 6 in the Morning, and due W'eſt at one minute paſt 5, or 59 
min. before 6 at Night. 


op S O B. VIII. The Latitude of the Place, 3 Fun s 3 being 
given, to find the Altitude of the Sun being due Eaſt or Weſt. 


Example. In the Latitude 51* = North, the Sun's Declination being 
| 373 N. I demand the Sun's Altitude being due Eaſt or Weſt? 
4 185 Plate 5. Fig, 10. 
_— | Deſcribe the ac PCZ, and draw Nn AZ, ap. QA, and 
D O, as before. AE being meaſured on the Line of Sines, is 33 Jene, 


Sun's Altitude being due Eaſt or Welt. 


P R QB. 1x. The Latitude of a Place, and the Sun s  Declnation hein : 


given, t0 fad _ Sun's Altitude at fix. 


Example n the Latitude 5 12 North, the Sun's Declination being 


171 . I demand the Sun's RI at ſix? Plate 5. Fig. 20, 


Deſcribe the Semi-circle BC, draw the Lines A 2. AQ and DO, 
and thro' the point O draw the Line l o b parallel to BC; BL or Cb 
meaſured on the Chords, or Al on the Sieg, gives 137 \ the Altitude | 


of the Sun at Six. 


p BRO B. X. The Latitude of a | Place, wa the dun s Declination being given, 


to find the Sun's Azimuth at Six. 


= : wa In the Latitude 51"; North; the Sun's Declination 177 
| North ; 1 demand the Sun's Azimuth at Six, Plate 5. Fig. 20. 
Deſcribe the Semi-circle BZC, and draw the Line A Z, AP, AQ; 
ard DO, as before; draw 1ob as in the ninth Problem : 1 0 is the Sine 


of the Sun's Azimuth to the Radius IL, which is thus meaſured; place 
IL + from A to e, with the diſtance 10 upon the Center e; deſcribe the 


occult 


E The uſe of Gunter's Scale. I7I Vs 
occult Arch at d; a Ruler, laid to touch the Arch, gives the point b and 
Cb meaſared is 11deg. 5: the Azimuth from the Eaſt or Weſt. So that 
the Sun is E. by N. at 6 in the Morning, and W. by N. at 6 at Night. 


PROB. XI. The Latitude of the Place, the Sun's Declination and 
Altiude given, to find the Sun's Azimuth, e 
Example. In the Forenoon, in the Lat. 51 deg. £ North, the Sun's 
Declination is 204 deg. N. and his Altitude 43 deg. I demand his Azi- 
om? ES. He Plate. 5. Fig. 21. 
Deſcribe the Semi- circle B'ZC, and draw the lines AZ, AP, AQ, 
and DF, the Parallel of Declination, as in the former Problems; place 
the Altitude 47 deg. from B and Cto d and e, and draw the Parallel 
de, which interſects the Parallel DF in the Point G, IG is the Sine of 
the Sun's Azimuth from the Eaſt towards the South, Id being the Ra- 


dius; which to meaſure, place Id from A toc, and thereon with the 


diſtance IG deſcribe the Arch at f; a Ruler laid from A to touch the 
Arch, gives the Point h; Bh 24+ deg. is the Meaſure of I G, Eaft Sou- 
therly. So that the Sun's Azimuth is S. E. 65deg. 30 min. a 


PRO B. XII. The Latitude of a Mace, the Sun's Declination and Al. 
ius being given, to find the Hour from Noon. © 
Example. In the Afternoon, in the Latitude 51* deg. N. the Sun's. 
Declination is 20 deg. 50 min. the Altitude 43 deg. I demand the Hour? 
jj i roo TT oe a0 
Deſcribe the Semi-circle BZC, and draw the lines A Z, AP, AQ, 

DF, and de, as inthe 11th Problem; FG is the Sine of the Hour from 
Six, which to meaſure, place DF from A to u, and thereon with the 
| Diſtance F G ſweep the Arch at K; a Ruler laid to touch the Arch, 
gives the point o, and Co is the Meaſure of FG 45 deg. which reduc'd 

into Time, gives three Hours, the time in the Afternoon. 


e . SECT. II. The Uje of Gunter*s Scale. rs 
1 not ſay much of the Deſcription of the Scale, nor of the Pro- 
. jection or the Lines thereon, being the Logarithms of Numbers, 
dines, Tangents, E9c. placed upon a Scale, only obſerve, that the com- 
mon Gunter's Scales have 8 Lines, the uppermoſt is called Sine Rhombs, 
marked at the end towards the Right-hand SR, and numbred towards 
the Right-hand 1, 2, 3, 4, 5, 6, 7, 8; and is only the Sine of the De- 
gree and Minute that anſwers to the Rhomb, as the Sine of 3 on the 
Rhombs, is equal to the Sine ol 33? 45 on the Sines; becauſe 53 45 is 
equal to Ponta, .. T2 -- The 


— — 
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— 
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The next Line marked TR, is the Tangent of the Rhombs, and i is | 

Ft towards the Right hand, I, 25 3, 4: and back again 5, 6, 7, 

the ſame Directions are to be oblexved in taking the Tangent of a K hom 

of this Line, as were given in taking the Sine of any Rhomb. 

The third is the Line of Numbers, marked Numb. the fourth is Sines, 

E the fifth is Verſed Sines, marked J. N the ſixth is Tangents, marked 

Trang. the ſeventh the Meridional-line,- marked Aſerid. and the loweſt is 2 
Line of Equal Parts, all of which i in order, and firſt of the Line of Nan: 


ber-. | * 
7⁰ fiud a Whale Nowe, on the Line of Numbers. . 4 
Among the figur'd Diviſions, look for the firſt Figure of your N umber 3 
then for the ſecond Figure count ſo many tenths from the long Diviſions | 
on towards the end of the Rule, as the Unirs in the ſecond. Figure amount 
to: Then for the third Figure count from the laſt Tenth ſo many Cen- 
--reſms as the Figure hath Units, ànd ſo likewiſe for the fourth Figure, 
count from the laſt Centeſm ſo many Millions (or Thouſands) as the {ame | 
4th Figure contains Units ; this done, that ſhall be the Point where the 
Number propounded is repreſented on the Line of Numbers. | 
The Number gfven being 12, to find the Point on the Line Us Numbers that 
| doth repreſent the ſame. 
5 Therefore according to the Rule, 1 being the firſt Figure of chis Num- 
ber, I take the Diviſion at the Figure 1 (in the middle of the Line) for 
the firſt Figure; then the ſecond Figure being 2, I count 2 tenths from 
that 1, and that i is the point repreſenting 12, where commonly Were 8 
=. ſmall Braſs Center becauſe it is often in Uſe. _ | 
* Suppoſe the Point repreſenting 144 were required fo be found on the 
line of Numbers. © 
Por the firſt Figure in the Number being 1, I take (as before) the 
middle x ; then 50 the ſecond Figure which is 4, I count 4 tenths on- 
watds, and from the tenth I count 4 Centeſms, or hundred ae further 
and that is the point repreſenting 144. 
Io find the point repreſenting 1728, firſt as before) for - rooo I tale 
1 in the middle of the Line; ſecondly, for the fecond Figure being 7, 
I reckon 7 Tenths onwards, and that i is 700 ; thirdly, for the third Fi- 
gaure being 2, I reckon 2 Centeſms from the 7 Tenths, which repreſent- 
eth 20; and then laſtly, for 8 yon may reaſonably eſtimare 8 Millions, 
or thouſand Parts, from the laſt 2 Ceateſms, and that Point laſt n 
will be the Point repreſenting the Number 1728. 
7e find a Frattiony or broken Number, on the 28 of . 5 
The Fradions that are to be found on the Line of Numbers, ought 


A be Decimal Fractions, 105 15 5 EST d (or 1, ol, 001) ei- 
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ther Inches, Feet, Yards, : Perches, or of any other Denomination ; all 
other Fra&ions mult be reduced into Decimals ; and being thus conſider- 
ed, they are expreſſed as Whole Numbers upon the Line.  _ 
Note, If you call x at the Beginning of the Line one. tenth of any In- 
teger, then 2 following mult be 2 tenths, 3, 3 tenths, @c. and the 1 in 
the middle, one Integer; 2, two Integers, Cc. and the 10 at the end 
muſt be 10 Integers. | e 
But if one at the beginning be one Integer, then one in the middle 
muſt be 10 Integers, and Io at the farther end 100 Integers, and all the 
intermediate Figures 20, 30, 40, 50, 60, 7o, 80, 90, ſo many Iate- 
gers; and every longeſt Diviſion between, as 21, 22, 23, 24, 25, 26, 
7c. ſingle Integers ; and the ſhorteſt of thoſe Diviſions, Tenths of thoſe 
Integers ; and ſo in Fropor:ion, as , 1, Io, Too, Io, Ioo, looo, 
Jͤ . 
PRO B. I. Two Numbers being given, to find a third in a Geometrical © 
Prei portion, and to a third a fourth, and to a fourth a fifth, &c. 5 
Example. Let the two Numbers given be 2 and 4, unto which it is 
' required to find a third Proportional, &c. Therefore for the perform- 
ance hereof. by the Line ot Numbers, extend the Compaſſes from one 
of the Numbers given to the other; this done, if you apply the ſame 


extent either upwards or downwards from either of the Numbers pro- © 
pounded, the moveable point of the Compaſles will fall upon the third 


| Proportional required; and ſo the ſame extent being applied che ſame 
way from the third, the moveable point of the Compaſles will fall upon 


* the fourth Proportional, and from the fourth to a fifth, c. and ſo ow”. * 


more, as you pleaſe ; for it you extend the Compaſſes from 2 to 4, and 
turn the Compaſles upwards, with one Point reſting on 4, the moveable 
Point will fall on 8, the- third Proportional, and from 8 to 16, from 
16 to 32, from 32 to 64, and ſo forward, |{\_ 2 


PR OB. II. One Number being given to be multiplied by another Number , 
ICC on, FO ON : 8 

Io reſolve this Queſtion Arithmetically, whether by Natural or Ar- 
tificial Numbers, the Proportion is; As I to the Multiplicand, ſo is the 


Multiplier. to the Product. 


Example. Let the Multiplicand 8 be multiplied by 5 the Multiplier; 
extend the Compaſſes on the Line of Numbers, from 1 to the Mul- 
_ iplicand ; the ſame extent being applied the ſame way from the Mul- 
tip.ier, will cauſe the moveable point to fall on the Product; for it you 
extend the Compaſles from 1 to 8, the ſame Extent the ſame way 
| Will reac 1 from 5 to 40: And ſo if you would now multiply any 
5 C Number 
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Number by $, as the Compaſſes now ſtand, it is but placing one foot i in 
any Number given, and the moveable Point will fall on the Product; 3 
as it you place one Foot in 9, the other will fall on 72, and ſo from 8 it 
"will ft lin 64, and from 7 to 5c, and from 6 to 48: The extent of the 
Compalſles may be taken from 10 at the further end of the Line which 


you may call I. 


PRO B. ne One Number W given to be divided by another Number, 
to find the Quotient. 
For the Reſolution of this Problem, the Proportion is thus : As the 
Diviſor is to 1, ſo the Dividend to the Quotient, 
Example. Let 40 be the Dividend and let the Diviſor be 8: pet 
extend the Compaſſes on the Line of Numbers from the Diviſor 8 to ut 
this done, the ſame extent the ſame way ſhall reach from the Dividend 
: 40 to the Quotient, which is 5. 
Another Example. Let 750 be a Number given, to 'be divided by 25; 
therefore extend the Compaſſes downwards from 25 to I, then applying 
that Extent the ſame way from 7506, the moveable Point will fall upon 


zo, which is the Quotient required. 


Now to know of how many Figures a | Quotient ought to confiſt. 
It will be neceſſary to obſerve how many times the Diviſor may be 


| written under the Dividend, according to the Rules of Diviſic ion; for of - 


| ſo many Figures ſhall the Quotient be compoſed. 
For Example: 12231 being given to be divided by 27, Aiich ſaid 
Number may be writteu, according to the Rules of Diviſion, three 
times under the Dividend; therefore the Quotient mal conſiſt of three 
Figures, and ſo of any other. 
F. R 0 B. IV. Three Numbers given, 10 fond afourth in a dire Proportion — 
as in the Rule of Three Direct. 
= To rel. ve this Problem, the Proportion is thus: As the 6 l Number 
gde is to the ſecond, ſo is the third Number to the fourth. 5 
0 perform this on the Line of Numbers, you muſt extend the Chip 135 
F paſles fromthe firſt Number or Term given, to the ſecond ; which done 
that extent being applied the ſame way from the third Term, will cauſe 
5 the moveable point to fall on the fourth Term required. 
Example. It the Circumference of a Circle whoſe Diameter is 7 Inches, 
be 22 Inches: what Circumference will a Circle have, whoſe Diamc- 


ter is 14 Inches? 


Therefore extend the Compaſſes i in the Line of Numbers flow - gin 


the firſt part thereof, unto 1 in the * 3 this done, the ſame extent 
| OT ES being 
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being Ss the ſame way from 22, will make the moveable point to 
fall upon 44 Inches, the Circumference required. 


Example 2. Let the Circumference of a Circle be 22 Inches, and the 


Diameter thereof 7 Inches; how much ſhall the Diameter of a Circle 
be, whoſe Circumference is 44 Inches? . 


Extend the Compaſſes downwards from 22 in the ſecond part of the 
Line, to 7 in the firſt; which done, that Extent being apply 0 the ſame 
way from 44, will reach tO 14, the Diameter ſought, 


TP R 0 B. V. 1 Numbers given to find a fourth, in an heft Pro: i 
portion (or in the backward Rule of Three. - Þ 
To reſolve this Problem the Proportion is; As the third Number is 
to the ſecond, ſo is ghe firſt to the fourth. 
Example. Tf 60 Men make a Trench in 45 Hours, in what time will 
40 Men make ſuch another? _- 
To perform this by the Line of Numbers, extend the Compaſſes from 
the firſt of the Numbers given to the third, having both the ſame Deno- 
mination: This done, it the Extent be app! yd 8 from the ſe- 
cond Number, the moveable point will fall upon the fourth Number 
required: So that if you extend the Compaſſes from 60 to 40, (thoſe 
Terms being of the ſame Denomination, viz. of Men) this done, the 
Extent being apply'd backward from 45, will reach to 67.5, he fourth 
Number you look tor. I conclude therefore, that 40 Men wall . : 
as much in 6 7 Hours and a half, as 60 Men will do i in 45 Hours. 


_ p R 0 B. VI. 7 "A Numbers given to fd a 4th in a Des beate 8 
Ihe Uſe of this Problem is in Proportion of Lines to Superfices, or 


Terms be of Lines, then extend the Compaſſes from the firſt Term to 
the third of the ſame Denomination 3 this done, that Extent being ap- 
ply'd twice the ſame way from the ſecond Term, the moveable Point. 
will ſtay upon the fourth Term required. 
Exumple 1, If the Content of a Circle whoſe Heres is 14 Inches, : 
| be 154 Inches ; what will the Content of a Circle be, whole Diameter 8 
is 28 Inches? 
Here 14 and 28 having the ſame 88 vize of Lines: Ler- 
tend the Compaſſes from 14 to 28; then applying that Extent the ſame 
way from 154 twice, the moveable point will fall on 616, the fourth 


-Joporcioadl de chat i I5 tuft, ſtom 154 to 308, and from 308 8 
I . Wo | 


Bur 


of Superfices to Lines. Now it the Denomination of the firſt and ſecond | bo 
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But if the firſt and third Terms have the Denomination of Area's, or 
Contents, and the Que/itum be a Line, then extend the Compaſſes upon 
the Line of Numbers, unto half the Diſtance between the firlt and third 
Term ot the ſame Denomination, ſp the ſame Extent will reach from the 
| ſecond Term given to the fourth required. | 
Example 2. It the Diameter of a Circle, whoſe Area is 154 Inches, be 
14 Inches, what Diameter will a Circle have, whoſe Areais 616 Inches? 
Divide tie Diſtance betwixt 154 and 616 into two equal Parts, then 
ſet one Foot in 14, the other ſhall reach to 28, the Diameter required. 
PRO B. VII. Three Number given to find a fouth, in a Triplicate 
ROE. InGaAs 
The Uſe of this Problem conſiſteth in the Proportion of Lines and 
Solids, & contra. PWV CL EL 
If therefore the fiſt and third Terms have the Denomination of Lines 
(as the Diameters of Spheres, or ſides of Solid Bodies) extend the Com- 
paſtes upon the Line of Numbers, from the firſt Term to the third; this 
done, and tF.at Extent apply'd three times the ſame way from the ſecond 
* Terw, will cauſe the moveable Point to fall upon the fourth Term requi- 
8 OW: INDE | ; 
Example 1. If an Iron Bullet, whoſe Diameter is 4 Inches, weigheth 
9 Pounds, what is the Weight of another Iron Bullet whoſe Diametcr 
Therefote extend the Compaſſes on the Line of Numbers from 4 to 
8; and that Extent applied the ſame way three times from 9 the move- 


N able Point will firſt {all upon 19, then from 18 to 36; and laſtly, from 


36 to 725 the Weight required. 


hut if two given Terms be Weight or Contents of Solids, and the | 


Diameter of a Sphere, or Side of a Cube is ſought, then divide the ſpace 
between the two given Terms of the ſame Denomination into three parts, 


and' that Diſtance ſhall reach from the third to the fourth Proportional. 
Example 2. If an Iron Bulle: that weigheth 9 Pounds be 4 Inches Dia- 
meter, what Diameter ſhall the ſhot of Iron be, whoſe Weight is 2b? 


D vide the Space between 9 and 72 into three Parts, and that third | 


PR OB. VIII. To find the Square Root of any Number under 100900 
The Square Root of any Number is always the mean Proportional 
betwixt x and the Number propounded ; but yet with this General 
Caution, viz. If the Figures of the Number be even, that is, 2, 4+ 6, 
$8, 10, Cc. Then you muſt look for the Unit, or One, at the beginning 
of the Line of Numbers, and the Number given in the ſecond part, anc 


4. , 


Ne 


che Root in the firſt part; or rather kia Io at the end to be the U- 
nit, and then both Root and Square will fall backwards towards the 
middle, in the ſecond part of the Line; but if they be odd, then the 
middle one will be beſt to be counted the Unit, and both Root and Square 
will be found from thence forward towards 10; ſo that according to this 
Rule the Square Root of g will be found to be 33 the Square Root of 64, 
will be 8; the Square Root of 144, will be 12; the Square Root of 

1444, to be 38; the Square Root of $7600, to be 240. And to know | 
how many Figures any Root ought to conſiſt of, put a prick over the firſt 
Figure, the third, the, fifth, Cc. beginning from the Right- hand, and as 
many pricks as are noted, lo many Figures there muſt be in the Root. 


PRO B.I X. To fud the Cube Root o any Number under 100000000? 
The Cube Root is always the firſt of two Mean Proportionals, be- 


S tween 1 and the Number given, and therefore will be found by dividing 


the Space between them into three equal Parts. And to find how many 
Figures will be in this Root, you muſt prick over the firſt Figure, the 
crc, ſeventh, Cc. beginning at the Right-hand ; and ſo many pricks 
as you find, o many Figures muſt be in = Root, which, Root may be 
eaſily found; with theſe Cautions 

E "If the "laſt prick fall on the laſt Figure towards the Leit band, then 
the Unit is beſt placed at I in the middle of the Line, and then the Cubs 5 
aud Root will both fall forwards towards 10 at the end of the Line 


m Ane * * 
tt 7 
" 6 
„ 
1 


2. If the laſt Prick fall on the laſt Figure but one towards the Left- 


hand, you may place the Unit at 1 in the beginning of the Line, and the 
Cube in the ſecond part of the Line, then will the Root be found i in the 
firſt part of the Line. 
If the laſt Prick fall on the lat Figure but wo, then place the Unit 
at 1 at the end of the Line, and then the Cube and Root will both fall 
backward, and be found in the ſecond part of the Line of Numbers. 
I heſe Notes being obſerved, the Cube Root of 1728, will be found 
to be 12; and the Cube Root of 17576, will be 26; and the Cube 
Root of 438976, will be found 76 ; and the Cube Root of $120601, 
will be 201; ; the Cube Root of 1139625, will be 225. 8 


1 R 0 B. 9 Hr to work a Praportior in Sines KY or, three Sine ; bein 5 
WY given, 10 ſas a fourth Freer sana. 


? Example. As Sine 225 45 , to Sine 47 39', ſo is Sine 23? 15˙5 to 2 
fourth Sine required. 5 
This Problem is wrought on the Line ot dines, as the fourth Problem. 


5 is on the Line of Numbers. 5 ake * Extent from the Sine 225 45 


I | 1 


5 to 46 47? , 50®, 80, Cc: backwards towards the 


9 
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on the Line of Sines, tothe Sine of 4 47” 30 the ſame extent ſhall reach 
_ the ſame way, from the "we of mp" 1 ro the Si: Nr 05 the 
tourth Sine: required. . 


P R 0 B XI. "How to work a Proportion in . 1 or, thre Tar 
© "gents being given, to find a fourth "Proptrtional. © 
| © Example 1. As ie: Im 42 deg. 40 min. to Tangent 15 deg. 20 mi, 
61 Tangent; 39 deg. 8 min, to che Tangent fourth required, © 
| is Problem i is \wrough ton. the Like: of Taagents, as the former the 
Problems on "the Line of ines. 
N Extend the Compaſſes on the Line of Tangents, from the Tangent 
2432 4o' tothe Tangent x58 20', the ſame Extent ſhall reach the An 
BE "hs from the Tangent 39? 8' 0 the Tangent 13735 ' required, 
$8 xample 2. As Tangeht 14* 58', to T angent 3 1 15˙3 ; ſois Tangent 
J 18, ton fourth Tangent required. 
905 het Line of Tangents, the Tangents above: 45 > cocteaſe from 45 
beginning of the 
Line: Theretore in working this Proportion, the ſame Extent that 
reaches from 14? 58, to 39* 15', ſhall reach the + way from 
45 18 to 439 10%, the ſouth Tangent required. 
Example 3. As Tangent 21* 3o', to TOI 37 20 ; ſo is Tangen 
an 40", to a fourth 'T angent required. 29) 
The extent from the Tangent 21 deg. 30 min. to he! Tangent 3) 37% 
20 if N fame way, from Tangent 42 deg. 40 min. will fall 
beyond 45 at the end of the Line: I — 2 to remedy this Incon. 
Leniency, having the diſtance between Tangent 21 deg. 30 min. and 
Tangent 37 deg. 20 min. place one point of your Compaſſes in the 
Tangent 45 deg. and let the other point fall ale towards the be- 
inning; of the Line, and it will reſt on the Tangent 27 deg. 20 min. 
This Point let remain fixed, and cloſe the other Point which ſtands in 
45 deg, to che Tangent 32 deg. 40 min, then keeping this diſtance, place 
one point in Tangent 45 deg. 127 Aber will ow 9 8 he: Saw 60 


deg. 45 thin. required. 


P RO B. XII. How 20 work a Arens in e a PILAR beeilen. 
Example 1. As Sine 225 30 70 Sine 375 10˙ 5701 is alba; 19 40 


to a fourth Tangent required. 


The extent on the Line of Sines Hg 22 ah 3on min. to 37 deg. 88 
min. ſhall reach on the Tängents from 19 deg. 4.0 min. to 29 &, 25 
min. required. p =: ih 
Example 2. As angent Complement 60? V's ro Sine 50 45 
zs the Radius to a "Langens ala ; 1} Becauſe | 


6-1 


_ 
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;;. Becauſe there is a Tangent in the firſt place of the Propottion, and 
"tikewiſe.a. Tangent in the fourth, therefore this Proportion muſt be 
Chang d by putting Radius in the firſt place: and inſtead of the Tangent 

Complement. of the firſt Place, take Tangent 60 deg. 15 min. (it it had 

been a Tangent, you muſt have taken the Tang. Comp.) and then the 
_ Propartign\wiltremain :::: ð 

As Radius to Sine 56? 45' 3 ſo is Tang. 60? 15' to the Tang. required 

The Extent from Radius, Sine 9o?, to the Sine 56˙ 45“ on the Sines, 

mall reach from Tangent 60 15 to Tang. 55? 40 require. 
Example 3. As Radius to Tangent Complement 60 15' ; ſo is Tan- 

)) P (( 
This Proportion muſt be changed, becauſe there is Radius or Sine 

90 deg. in the firſt Place, and a Sine required. Inſtead. of the Tangent 

Complement 60 15, take the Tangent 6o deg. 15 min. and put Radius 
ia the third Place, and ſc the Proportion follows. 
As Tangent 65 deg. 13 min. to Tangent 55 deg. 40 min. ſo is Radius 
to the Sine ſought. "Therefore the Extent from the Tangent 60 deg. 
15 min, to Tang. 55 deg. 40 min. ſhall reach from Radius, or Sine 90 
deg. to Sine 56 45 VVV 


required. | 5 

P ROB. XIII. How work Numbers aud Sines together. - + 

| -. Example. As 56 to 106; ſo is Sine 299 30 to a Sine required. 
Extend the Compaſſes on the Line of Numbers, from 56 to 1606; the 
lame Extent ſhalt reach the ſame way on the Line of Sines from 29 deg. 

30 min. to 68 deg. 30 min- required. e ee 


PR OB. XIV. How to work by Numbers aul Tamgents togevbdr: 1 
| | » 133 * . 4 Bo, 1 — Wn TEIT O. . : A 


Example. As 202 to 32; ſo is Tangent 7355 2', to Tang. required. . 

| The Extent on the Line of Numbers, from. 202 to. 53, ſhould reach 
the ſame way on the Line of Tangents from 73 deg. 52 min. to the 

| Tangent required ; but the Comp aſſes ſo extended fall beyond the end 

of the Line, therefore this Defe& muſt be remedy'd,, as. in the third Ex- 
ample, Problem XI. by placing the ſaid Extent in Tangent 45 deg. and 

letting the other point fall backwards in the Line which being fixed, 
Cloſe the other point to 73 deg; 52 min. and then placing your Com- 

| Paſles again in 45 deg, the moveable Point ſhall fall oa 41 deg. 40 min. 


/ RI SOT 
And in all Caſes in Navigation, or other Plain Triangles, where both 
Sides and Angles are Terms given or required; it is beſk to extend be- 
tween the two given Terms hat fall in one, Line, (whether Numbers, 
FF 
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Example. aa Caſe t. of Oblique Plain Triangles, the Giſt a and third 
Terms are Angles, and a Side required, but on Gunter's Scale it is beſt 


to extend from Sine of ABC '45®, to Sine of BAC 33* 45“; the ſame 
extent will reach from AC 40, to BC 31, on the Line of Numbers; 


which is the Side required. 


See the oh of 1 the Meridian. line, ad Equal Parts, # in the Ue of Ae 
[Ae cator $ Cour ty VC 


— 


8 C T< III. An Aab, coricerning the Log -Line, 
and Half- Minate Glaſs. 


Seeing that his Manner of keeping : a Reckoning of the Ship's Way 

(by our Erglih Navigators) is commonly by the Log Line and Hat. 
Minute Glaſs, there ought to be greater Care had to the Truth of them, 
but it has been an ancient Cuſtom to micaſure ſeven Fathom between 
Knot and Knot upon the Log line; which way of meaſuring hath been 


grounded upon a mere Conjecure, that five of our Feet make a Pace, 


and a thouſand ſuch Paces make a Mile, and ſixty ſuch Miles make a De- 
gree, ſo that a Degree ſhould contain 300000 of our Feet, and one Mile 


(or Minute) 5000 Feet; and becauſe an half Minute of Time is the 


420th part of an Hour, the Log-line ſhould anſwer to that Proportion, 


and each Knot thereof be the aged part of -a Mile, which is 41 Feet 


and two thirds, between each Knot on the Log: line. 
But this erroneous Computation hath mo ſufficiently reſured by 
Mr. Oughtred, Mr. Norwoed\ and othere. 


Mr Oughtred in his. Circles of Propartion, p 15 Is doth 6 propole J 


661 Statute Miles ro anfwer to one Degree i upon the Earth, each con- 


: raining 5280 Feet ſo thac according to this Computation there * 


349800 feet in one Degree. 8 

And Mr. Norwood, in his Saen N Mattie. doth declare, (That 35 
a worthy and commendable Experiment of his) he found a Degree of the 

TCircumfetence of the Earth and the Sea to contain 367 200 F our Engliſh 

Feet. But he further conſenteth, that becauſe the Ship, is more 


than doth really a appear by the Log-Line, and becaule it is more /afe to have 
Ihe Reckoning t0'b 


mewhat before the Ship,” together with the Evenueſi of 
Numbers to allow ge 360000 Feet to be one Degree, and conſequently 6000 
Feet 10 be one Minute, or the 6th part of a Degree (vulgarly ts 4 Mile) 
which Number being divided by 120, giveth 50 Pes between Knot and Kuot on 


the Leg- Line ſo that upon this ground, F a Ship runneth out one of | 5 


Knots in a half Minute, ſhe runneth one Mile (or the fixtieth part a D 
5 gree) in a Haar, oy one Lee and one M ile in a Watch, or 4 Hours. 


Like 
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and Falf- Minute Glaſs, 13751 


Likewiſe Mr. Picart, has lately meaſured the length of one Degree 
in France, and finds it to contain 365184 Engliſh Feet; nearly agreein 
with Mr. Norwood. Notwithſtanding theſe Experiments, (together wit 
| the Conſent and Approbation of other accompliſhed Mathematicians in 
their Books of Navigation have ſufficiently detected this Error, yet this 
Truth hath not had that Entertainment; as the Excellency thereof hath 
deſerved, becauſe Cuſtom hath ſo long prevailed againſt Reaſon. 
Mr. Norweed in his forementioned Book, hath athgned ſome Rea- 
ſons why he ſuppoſcth this Error hath been ſo long received and tol- 
erated : I ſhall forbear to mention, referring you to the Book it 
ſell. But I ſhall aſſign one Reaſon more, whic fate obſerved trom 
= Experience, which I hope, will in ſome Meaſure help to prove the 
Truth of Mr. Nordwood's Experiment, and that the Log-line (as com- 
= monly divided) may be proved to be too ſhort” for true meaſure'; For 
b T have obſeryed, that if a half Minute Glaſs be made of its due length, 
according to the true Time, that then their Reckonings intolerably out 
run the Ship, and they continually complain, that thoſe Glaſles are too 
long : But it they have a Glaſs that is 5 Seconds ſhorter than true Time, 
they do reaſonably well agree with the Log: line in their Reckonings ; 
| becauſe one Error doth ballance another, v/z. ſhort Meaſure, and ſhort 
Time. Yet notwithſtanding this Concurrance and Affinity between this 
= Log-line and ſhort Half minute Glaſs, it is apparent that they are both 
Errors, and therefore to be rejected: For I ſuppoſe it would quickly 
appear, that if the Log-line were of its due length and meaſure, i. e. 
50 Foot between each Knot, and the Half minute Glaſs of its due 
length, according to true 'I1ime, there would be doubtleſs a greater 


Harmony and Concurrence of Truth, and Navigation be of more Cer- 
tone} , 0757 hol aont , „ 
So that now it doth plainly appear, by this above mentioned Obſerva- 
tion, that the Log- line, as commonly divided, is too ſhort, according 
to Mr. Norwood's Expezment, becauſe the Neceſſity of keeping a Con- 
 currence in the Reckonings, is by a Glaſs that is too ſhort by 5 Seconds 
ſor the true time of half a minute, or 30 ſeconds . 
ut here I ſhall give you a Rule, to prove whether a Half Minute 
Glaſs be of a true length'or not; the way is generally approv d to be very 
true, and what I have many times made Experience of, and can atteſt 
it by my own knowledge. The Experiment is mentioned by Mr. Phillips, 
in his Advancement of Navigation, and is thus to be performed. 
An eaſy and exat Way to meaſure'a Half. Minute Glaſs, or any ſinull 
ff . od oo 1604 $960 261 Heh) 
Take a Bullet of any Weight whatſoever, and make faſt a piece of 
Thread or Silk to it, . 38! Inches in length, from the Center of 
the Bullet unto the end of the Thread, where a Nooſe muſt be made 
ie — —. eroogmane 70 


11 The Deſcriptionof the Plain-Chart. 
to hang it on a ſmall Pin, which is to be faſtened to any place where the 
Bullet may ſwivg freely. rap Ld BAY e 


the Center of Motion, each of the Swings of this Buller (being either 
ſwift or ſlow) ſhall be a true Second of Time, ſo that 60 of theſe Swing, 
will be the true Length of a Minute, and 3o the true Length of half 2 
Minute, ſo by this ingenious Experiment you may know which of all 
your Half-Minutes is a true Glaſs: and if you have no Glaſs, you may 
meaſure any ſmall Portion of Time by this Experiment; for half a Se. 

cond of Time is diſcovered every Time the Pendulum doth paſs the Per- 
_ perdicular, that is ſuppoſed to fall from the Pin whereon the Pendulum 

doth hang. 3 1 f 5 


Bur if it ſhould be objected, That at Sea, when the Ship is thrown to 


and again by the Violence thereôf, that when the Yibrations of the Pen- 


dulum may by that means be obſtructed, and ſo the Swings to be un. 


certain. 5 5 5 185 
A Remedy there is found againſt this Objection, by making the Thread 
7 Inches ſhorter, and thereto make a ſmall Knot, which Knot you are 


to hold between your Finger and Thumb, and then with the motion of 


your Hand to cauſe the Bullet always to aſcend to an Angle of Co De- 


grees (from the Pergendicular) and ſo ſhall each Swing be equivalent to = 
| thoſe before; lo that if a Ship be toſſed by the Violence of the Sea, yet 
a Man may make a ſhift to try this Experiment, and to meaſure a true 


| Half Minute of Time without the help of a Glaſ © 
sSscr. IV. The Deſcription and Uſe of the PlainChare, © 


IF the middle is a Center, upon which there is an occult Circle de. 


1 ſcribed, which is divided into 32 Parts or Points; by wt ich ate 


drawn ſeveral Lines quite through the Charr, repreſenting the Rhombs 
Arcles deſcri- 


or points of the Compaſs, and upon theſe Lines are other 
bed, and Rhomb lines drawn, parallel to the former. 


Then is the form of the Land pourtrayed upon it, and alſo a Scale of 


Leagues ta meaſure the Diſtances of Places. 


* 


There is alſo a Meridional Line equally divided upon the Chart, which 


diſcovereth the Latitude of any Place. The ſeveral Uſes follow. _ 


1. To find the Lari of any Place upon the Chart. : 4 95 | 
Take your Compaſſes, and ſer one Foot in the Place required, and ex* 


tend the other Foot to the neareſt Diſtance: of an Eaſt and Weſt Line, 


and note where that Line doth cut the Meridian-line, (that is Ante 
VV 200+ 28 03 202, 469 1:00 


This Pendul»» being thus prepared bang its Nooſe on the Pin, the 
Thread being exactly 382 Inches between the Center of Gravity, and 
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into Degrees) then ſet one Foot where it interſects the Meridian · line, and 
the other Foot will reach upon the Meridian - line, to the Latitude of 

2. To find the Diſtance F one Plate ſrom another. 

If the Diſtance required be leſs than the Length of the Scale, then take 
your Compaſl:s, and ſet. one foot in one of the Places, and the other 
foot in rhe other place, then with the Extent between your Compaſſes 
applied to your Scale of Leagues, will give the meaſure of the Diſtance 
OO r As OOMO OURS” SOPER "00h 
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But if the Diſtance between the two Places be greater than the Length 
of the Scale, then firſt extend your Compaſſes upon the Scale to the 
whole Length thereof, and with that Extent ſer one foot in one of the 
Places required, then direct the other toot towards the other Place by 
the help of a Scale or Ruler, in a Right-line, and if the Diſtance be 
great, you muſt turn the Diſtance between the Compaſſes over twice, 
WE thrice, or oftener, until you come to the other Place required, and if it 
nals out that the laſt Extent doth fall over the ſecond Place, you muſt 
W then, from the laſt Place where the Compaſſes ſtayed, draw in the other 
W point, until it touch in the Place required, and meaſure that upon the 
= Scale of Leagues. As ſuppoſe your Scale were an hundred Leagues; 
and if you turn your Compaſſes two or three times over, then is the 
= Diſtance ſo many hundred Leagues, and that ſmall Diſtance more, which 
= being meaſured upon the Scale, it giveth the odd Leagues, and ſo conſe- 
= quemly the Datarce e i 
= 3. To find upon what Point of the Compaſs one Place beareth from another. 
= If from the two Places propounded, there be a Rhomb-line that lieth 
directly from Place to Place, then there is no more trouble in it, but to 
k upon the ſmall Compaſs upon the Chart, and ſee upon what Rhomb 


IJ... 8 
But in Caſe a Rhomb- line doth not lie directly from one Place to the 
other, then extend your Compaſſes from the firſt Place in the neareſt 
Diſtance to the next Rhomb· line that you imagine in your Judgment lietn 

neareſt a Parallel from Place to Place, and upon that Rhomb-line run your 
Cochpaſſes along; till the other Point (being at Right-Angles with it) 
doth reach the other Place, and that Rhomb-line is the ttue Point of 


bearing the one from the otber. bs at 1 
44&. To keep a Reckoning of a whole Voyage upon the Chart. 


| Firſt; It is to be underſtood,” that you are to keep a Reckoning 
of every Day's Work, either by the Tables, or your Inſtruments (as 
you are before taught) or any other Way neceflary for ſuch a Purpoſe, 


and 
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and alſo to caſt up all your Traverſes for one or more Days: And then 
after you have ſo done, and brought it to che neareſt Truth you can, ei- 
ther by Obſervation or otherwiſe, then you are to ſet off your Work 
upon your Chart, ſo that the Place where your Ship is may appear to 
your Eye for the Satisfaction of your Mind, and for the Information of 
C dings bee . 

As ſuppoſe that you ſail from the Liz ard South weſtwards; then from 


that very time you begin to keep your Reckoning of your ſeveral Cour. 
ſes, and Diſtances, until you have ſome convenient Time to caſt up al 
your Work, to find the Difference of Latitude, and your Departure from 
the Meridian of the Lizard. The Difference of Latitude we will ſüppoſe 
to be 3 deg. and the Departure to be 50 Leagues, which 3 deg. you 
muſt ſubtract from the Latitude of the Lizard, which we ſuppoſe to be 
49 56' North; ſo that the Latitude the Ship is now in, is 46 O50, 
and 50 Leagues to the Weſt ward. e dee e 


* 4 


Therefore to ſet the place of you Ship upon your Chart you muſt 


ule two pait of Plat Compaſſes; with one pair, take the extent between 


the Latitude of 49 56' and 46 56', and ſet one point of your Com- 
paſſes in the Lizard, and extend the other point rowards the ſecond 
place, but ſo that your Compaſſes may ſtand parallel to a North ard 
South Line, which may be eaſily found with the other pair of Com- 
paſſes, by trying whether the Legs be equi=diſtant from the next North 
and South Line: This done keep one foot of your Compaſſes in that 

point, and with the other pair take the Departute 50 Leagues, from 
the Scale of Leagues: then interchange your Compaſſes, placing theſe 
| laſt pair in the point where the other pair ſtood ; ſer this Departure 50 
Leagues to the Weſtward, and ſo that your Compaſſes may ſtand paral- 
lel to an Eaſt and Weſt Line, which you may try as is ſaid before. The 
ſecond point thus found upon the Chart, is the place of the Ship (ac- 


Scr. V. The Projeftion and Uſe of the true Chart, commonly called 
)%%/%%%%CCöCͥõͥã •˙eus»s TEC NS 


Although this Chart is projected upon a Plain, and the Meridians do 

not incline together, and at laſt interſect each other as they do upon the 
Globe; yet the Meridians being parallel to each other) the parallels of 
Latitude are conttived ſo at unequal Diſtances, that in this Projection 
the Rhombs are Right: lines, and the Degrees of Longitude bear the 
ſame Proportion, to the Degrees of Latitude in any Parallel, that they 
do upon the Globe; and for the projecting it in this manner, ſerves the 
Mierxidian-line, with the Line of Equal Parts (the two loweſt Lines up- 
on Gunter's Scale) eſpecially for a general Chart; for if you would 1 
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tirude is infinite) provide a ſheet of Paper, as broad as almoſt the length 


of the Scale, vi · that a line drawn croſs the middle of it, may con- 
tain 180 Equal Parts; this line ſo drawn and graduated, ſhall repreſent 
the Equinoctial; and theſe Diviſions are 180 Degrees of Longitude, ' 


Let the length of your Paper be equal to twice its breadth, and draw 


lines along each edge of it, at Right Angles with the Equinoctial, and 
at each end of the 180 Degrees, let theſe lines be graduated upwards and 
| downwards, from the EquinoQiial, by the Diviſions on the Meridian- 
line: ſo ſhall you have above 85 Degrees of Latitude, on each fide of 
the Equinoctial; then draw lines at every 10 Degrees of theſe unequal = 


Diriſions of Latitude parallel to the Equinoctial, and likewiſe draw 


lines at each 10 Degrees of the Equinoctial and perpendicular to it, 
ſo will your Meridians laſt drawn interſe& the Parallels firſt drawn in e- 


very 10 Degrees of Latitude and Longitude : And then tor laying down 


any given Place, whoſe Latitude and Longitude is known, take a pair of 
Compaſles, and with one foot in the Latitude of the Place on the gra- 


duated Meridian, extend the other foot to the neateſt Parallel or Eaſt 


and Weſt line, and there let them remain; then with another pair of 
Compaſles, and one foot in the Longitude of the place upon the Equi- 
noctial, extend the other to the neareſt Meridian or North and South 


line: then running each pair of Compaſſes along their reſpective Lines 


towards each other, the moveable Points will meet in the given Lon- 
gitude and Latitude, or Point where the Place given is to be laid down, 
and by two ſuch Charts as theſe (which together will make a perfect 


Square) you may repreſent all the Superficies of the Earth, except about 
5 Degrees of Latitude under each Pole, e 


ut becauſe theſe Graduations are too ſmall for a Chart for a particular 
Voyage except at a great diſtance) we ſhall rather recommendithe Uſe of 
the Table of Metidional Parts, which we ſhall illuſtrate in the following 


* 


Example. 


_ Suppoſe a Ship at the Lizard, in Latitude 49? 55 North, bound for 
Antegua, in Latit. 17 oo North, Difference of Longitude 54 07 Weſt 
| and it is required to make a Mercator's-C/3att for this particular Voyage. 
V% y 
Take a ſheet of ſtrong Writing Paper, as large as you intend your 
Chart ſhall be, multiply your Difference of Longitude 54? by 60, and 
the Product 3240, is the Difference ot Longitude in Minutes; and the 


Meridional Difference of Latitude is 2471 ; then chuſe ſome Scale of E- 
qual Parts, of which 3240 may be the breadth, and 2471 the L:ngth, 
or Depth; with a convenient Allowance for Running, or what vou think 


C : tic 


a Chart to repreſent one half of the Globe, or near it (for yon cannot 
go quite to the Foles, becauſe there the Quantity of one Degree of La- 
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fit to draw for Ornament about the out ſide of it: then towards the 
North-eaſt corner, becauſe your Courſe is South Weſterly, aſſume a Point 
as at L, to repreſent the Lizard, and draw Ln, upen which ſet the 
Meridional Difference of Latitude from L to n, and from n draw the 
Line n M, and thereupon ſet the Difference of Longitude, from n to M, 
then is Ln 2471, the Meridional Difference of Latitude, and nM 3249 
the Diff. Longitude, and becauſe it will roo much confuſe the Draught 
to incert Meridians and Parallels to every Degree, we ſhall only draw 
them for every other Degree of Latitude and Longitude : and firſt for 
the Parallels of Latitude; the Meridional Diff. Latitude between Lat. 5 
and Lat. 48 is 183; which fer on the Line Ln from L ro 48, and draw 
the Line 48.48 parallel to n M, and thus find the Meridional Difference 
of Latitude between Latit. 50 and Latit. 46, which is 359 ; ſet that 
from L to 46, and diaw the Line 46.46, and ſo for the reſt of the Pa. 
rallels of Latitude. And then for the Degrees of Longitude, which in 
theſe Charts are parallel and equi-diſtant, take 120 of the ſame Equal 
parts, and ſet from n to 2, and from 2 to 4, and from 4 to 6, Cc. be. 
cauſe you mark but every other Degree, and draw the Meridians, 2, 2. 
4,4. Cc. parallel ro Ln, ard then it any Headlands or Iſlands, Cc. fall in 
this Chart you may by the Directions given in the making of a Gene- 
ral Chait, lay them down in their proper places: e WITTY 
Example. I deſire to lay down the Iſland of St. Michael in Latitude 
38* oo' North, and Longitude 17* 18' Weſt from the Lizard ; I ſet one 
foot of the Compaſſes in Longitude 17? 18', and extend the other to 
the next Meridian, which is 18", and running one foot along the Meri- 
dian of 18? : I obferve where the other cuts the Latitude ot 38 (which 
in this Chart is a Paralle) drawn) and there is the Iſland of St. Michael, 
 &c+ and in this manner you may lay down any Iſland or Head-land, as 
Madera, and Texeriff, c. allo the Capes or Principal Places on the Coaſt 
of Africa may be thus found, and the form of the Land drawn from 
Place to Place as you may ſee in this Example. e WG 
Now to find the Diſtance between any two Places, you have a Scale 
of Engliſh Leagues, fitted to all the Latitudes in the Chart, viz. from 
15 to 50 Degrees of Latitude as you ſee the lines numbred up each fide, 
the lines that go from top to bottom, interſeRing the Parallels of La- 
titude at every 10 Leagues; ſo that each Parallel contains 100 Leagues in 
the Latitude that the Parallel is numbred with ng. 
Example. I deſire to know the Diſtance between the Iſland Tenerif 
and Cape Baj dor, on the Coaſt of Africa; I extend the Compaſles from 
bone place to the other, and applying that Extent to the Scale upon the 
Parallel of 28, I find it is 56 Leagues. 3 


. 


of Mercator's-Chart. 1 


Again, if you would lay down any Courſe and Diſtance or Traverſe, 
ics done with the ſame and no more trouble than upon the Plain- Chart, 
as for Inſtance: _ Tj | gs 
A Ship at the Lizard, bound for Madera, ſhe fails South 52 Degrees 
Weſt 100 Leagues; and then S. S. W. the ſame Diſtance, and S. S. E. 
100 Leagues more ; and then again S. S. W. 100 Leagues. But having 
no Obſervation, and ſuppoſing himſelf to be near the Latitude of the l- 
land, he ſteer'd Welt 70 leagues, but made no Land; I demand how 
the Iſland bears from him, and at what Diſtance. 
Here you fail from Latitude 49 55', and ſteer to the Southward, 
and may foreſee that Latitude 48“ will be neareſt the middle Latitude 
you ſail through (for you need not regard Minutes nor Half-Degrees in 
this Caſe) therefore take Ioo leagues from the Parallel of 48 deg. in the 
Scale, and ſet from L to g South 52 deg Weſt Then from the Parallel 
| of 45, the next middle Latitude, take Ioo Leagues, and ſet SSW. from 
g to h; and from the Parallel of 30, ſet 100 Leagues from h to k, and 
from the Parallel of 35 ſet Ioo Leagues from k to m, which brings the 
Ship to Latitude 33 deg. neareſt ; therefore from the Parallel of 33 take 
off 70 Leagues, and ſet Weſt from m to d: And thus you may ſee the 
Longitudes and Latitudes you came thro', and where you are now arrivied, 
| which is in Latitude 32* 59', and Longitude Weſt from the Lizard 12* 
36˙, as the Chart plainly diſcovers without any other Operation. 
Now if you would prove the Truth hereof you may find the Difc= -. 
| rence of Latitude and Departure for the ſeveral Courſes, and reduce 
them all to one, as you are taught in the Uſe of the Traverſe-Table, 
and you will find the Difference of Latitude 16˙ 56', which ſubtracted 
from 49* 55' the Latitude ſailed from leaves 32? 5g' the Latitude come 
to. The Meridional Difference of Latitude is 1369˙˙ Then, As Diff. 
Lat. 1016, to Merid. Diff. Lat. 1369; So Departure which you will 
find to be 561, To Diff. Long. 756' or 12? 36', as before, and Courſe 
to Weſt end of Madera S E by S. 4 S. fere, 16 leagues” 5 


How to make the Scale for the Mercator's Chart (ſuppoſe of 160 Leagues, 


_ Firſt, find the Length of 100 Leagues in the leaſt Latitude (which 
here is 14) thus, As Sine Comp. Lat. 14, To Radius; So is 300 Miles 
(the length of your Scale) To 309“ or 5 o9', which taken off the gra- 
duated line of Longitude, let it be the Length of the loweſt line of the 
Scale 2 upon the middle of which line (at 50) raiſe the Perpendicular 
50.50, ſubtract the Natural Secant of the leaſt Latitude 14*, from 
me Natural Secant of the greateſt Latitude 50*, and the Remairder 
Ts SY ED 5251 
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I b)be Projection and liſe 


5251 taken from a Scale of Equal Parts, ſet from 30 to 50 upwards up- 
on the foreſaid Perpendicular ; and through 50 draw the uppermoſt line 
at Right Angles with the Perpendicular, and parallel to the bottom 
line PQ, that line repreſents the Parallel of 50%. Then having found 
by the toregoing Proportion the length of 100 Leagues, in Latitude 

50®, which is 467', or 7? 47; take half thereof, viz. 3 53'5 from 
the graduated line of Longirude, and ſet it both ways upon the foreſaid 
Parallel of 50 from the middle of the line (where it is cut by the Per- 
pendicular) to each end; ſo ſhall the diſtance between thoſe two Marks 
be the Meaſure of Ioo Leagues in Lat. 50. Then from the Extremities 
of the Tap and Bottom lines, draw the Side lines, 50 P and 50 C 
Now to find the intermediate Parallels, ſubtrac the Natural Secant of 
the leaſt Latitude 14, from the Natural Secant of cach greater Latitude 
as I5, 16, 17, Cc to 50, the ſeveral Remainders taken in your Com- 
paſſes from the ſame Scale of Equal Parts, by which you meaſured the 
middle Perpendicular line, and ſet upon the ſame line from the line 
_ PQ upwards, fhall determine the points in that line through which the 
ſeve al Patallels muft paſs ; therefore through theſe Marks draw lines 
parallel to the line PQ, they reprefent the ſeveral Parallels required. 
Then divide the uppermoſt and loweſt Parallel each into 100 equal Parts, 
marking them both with 10, 20, 30, Cc. and between thoſe Diviſions 


m rked with the ſame Number, on each line, draw ſtrait lines through 


tie Scale; theſe Li:cs will alſo divide each Parallel into 100 equal Parts 
or leagues upon which you may me aſure your Diſtance in any Parallel 
as before is taught. 5 . 


To mate it G 


Take Zoo miles (the length of the Scale) off the degrees of Longitude, 
which is 5 degrees at 60 miles to a degree, which in this Caſe you a! 
ways allow) ard with that Extent ſweep a half Circle, as you ſee in the 
fourth Figure in the Uſe of the Plain Scale in this Chapter, Se. 1. ard 
upon the end of the Diameter AB as at B, erect the Perpendicular BT; 


| then from the Center C, and through the given Degree of Latitude up- 


on the Periphery of the Circle draw a line to cut the aforeſaid Perpen- 


dicular; that line applied to the Scale ſhall be the length of Ioo leagues, 


in that Degree of Latitude through which it was drawn. 


* - 


Hence the length of any Number of leagues in any Latitude, is no 
more but the Secant of the Latitude to a Radius, confiſting ef the 
ſame Quantity of leagues taken from the Equinoctial, allowing 20 leag. 

(or 60 Miles; to a Degree : And by this Scale thus made, if you take 

off 1oo leagues in the Parallel of 34 deg (the next whole degree greater 

zhan the middle Latitude of the Chart) and turn it along the pics 
8 | Eg | | in 


FPaſt and Welt Line, obſerving where it interſects the graduated Meridian, 


N Mercator Chart. ng 9 


Line IM, the diſtance from the Lizard to Autegoa, will be found to 

be 1098 Leagues; ; and the Arch a b ſhews the Courſe South 539 10 

Weſt, or Sourh Weſt almoſt 1 Weſt ; both which are ſufficiently exact. 

Bur if you do not make your own Charts, or cannot buy thoſe that have 
ſuch Scales in them, then with reſpect to the common Mercator s Charts, 
obſerve the following Directions. 


t. To find the Latitude of an) Place in theſe Charts. 


This Operation upon theſe Charts is in all reſpects like that which has 
already been delivered for the ſame Purpoſe, in the Uſe of the plain Sea- 
Chart, for if you ſer one point of your Compaſſes in the place whoſe La- 
titude is required, and open them in the ſhorteſt Diſtance to the next 


and then place one point in that Interſection, turning your Compaſſes 
upwards or downwards, according as the Place lies, from the Eaſt and 
Weſt line, and the moveable point ſhall ſhew upon the ſaid Meridian the 
ä Latitude of the Place required. 

Suppoſe the Latitude of Uhant were required by this Chart. 

If you take the neareſt Extent, to an Eaſt and Welt line, and place that 
Diſtance from the Interſection on the graduated Meridian, as is before 
directed, you will find the Latitude of Man to be 48 dege 90 min. 
: Nortterly. xg 


2, To find the 1 of a Place, and 1 the Difference of L on- 


gitude in Degrees, between any two Places, ſcituate upon the Chart. 


10 find the Longitude of any Place upon the Chart, ſet one point of 


your Compaſſes in the ſaid Place, and take the neareſt. Diſtance to the 


next North and South Line, and obſerve where this Line interſects the 
5 Equinoctial; and keeping the ſame Extent in your Compaſſes, place one 


point in the Interſection, and turning the Compaſſes the ſame way that 


the Place, whoſe Longitude i 18 lought, lies from the North and South 


lige, the moveable point reſting i in the EquigoGial will ſhew the Lon gi- 
tude required. 
Suppoſe the Longitude of i were required. 


If you place the point of your Compaſles in the Inland of Barbadves 


in this Chart, and take the ſhorteſt Extent to the next North and South 


line, placing the ſame at the Interlectiom in the Equinoctial as is direct- 
ed, you will find the Longitude of Barbadves to be in theſe Charts 58% 
zol trom Lordon. But the Longitude of Places being various, accordiog 
to the Place from whence it begun, ſome reckoning | it from London, ſome. 
from Je eriſt, Cc. the chief Buſineſs will be to find the Difference of. 


Longitude between any two Places; which is thus to be periormed. 
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Z North Eaſt half Eaſt, the Bearing of the Lizard from Baybadoes. 


"190. The Projettion and Uſe 


When you have found the Longitude of the two Places, if they have. 
"the: fame Name, their Difference, but it of contrary Names, their Sum 
is the Difference of Longitude between the two Places. 1 

Suppoſe the two Places were the Lizard | in the Longitude 5? 5 175 Weſt, 
and Barbadoes, in the Longitude 385 o3 W. ſubtracting 5* 14 flom 
58 g z', the Remainder 52 497 is the Difference of Longitude: 

Again, Suppoſe the two Places were the Lizard, as before, and St. Tho- 
mass Iſle i in the Longitude 9g? 58' Eaſt, Add 5* 14' to 9? 58“ the Sum 
will be 15? E2', the Difference of Longitude between the two given Places. 


3. | To know bow ove Place bears from another. 
For the Ferformance of this Problem, lay the Edge of a Ruler from 
| one Place to another, and with a pair of Compaſſes try which of the 
| Rhomb lines the edge of the Ruler is the neareſt Parallel; which being ; 
found, that ſhewerh the point of the Compals the two Flaces bear one 
trom another.. 
Suppoſe the Bearing of Bar b adobe: from the Lizard were required, 
Therefore Jay the edge of the Ruler upon both Places, and you will + 
find, that South Weſt half a Point weſterly, is the neareſt Parallel thereto, 
which i is the Bearing of Barbadoes from the Lizard, and che oppoſite point 


4. To nd the Diſtance of ro Place upon Mercator Chart. 


If both Places be in one and the ſame Laticude,” take with your Com- 
paſſes the length of a Degree of the Meridian at that Latitude, (raking 
halt the Degree above and half beneath the Latitude) for ſo oft as you 
hall find that length between the two Places, ſo many times 20 Leagues 
are there betwixt them ; but if the Diſtance be grear, for Expedition, ; 
vou make five times the length of that Degree, and counting it for 100 

Leagues, proceed as before, 4 
1 Suppoſe the Diſtance were required between the point of Uber and 
Cape Bonaviſta in New-found-land. © 
The Diſtance taken as before about the Laticude of 49* , you will find ; 
it to be 609 Leagues. 
Bat it two Places have not the lune Latitude, the EquinoQial not co- 

ming between them, ſubtract the leſſer Latitude out of the greater; but 
if the Equinoctial cometh between them, add both Latitudes together, : 
ſo have you the Difference of Latitude between both Places. «WE, 

Now if both Places have the ſame Longitude, ſo many Degrees as 4 
| there are in the Difference of — * many times 20 Leagues is the 
| Diſtance. | But 


of Mercator's Chart. i 191 
But if the Places differ both in Latitude and Longitude, then loox 
how many Degrees the Difference of Latitude contains, ſo many De- 
grees of the Equinoctial rake between your Compaſſes; then lay a Ru- 
ſer to both Places whoſe diſtance you ſeek, and obſerve where the Ru- 
Jer croſſes the Equinoctial, or ſome other Eaſt and Weſt Line, (or Paral- 
jel of Latitude) and lead ing one foot on the EquincRial or other Parallel, 
move forwards the other alſo Parallel wiſe, keeping always that Diſtance, 
till it croſs the Rhomb. of thoſe two Places, in ſuch ſorr, that one foot 
_ reſting by the edge of the Ruler, the other carried about, may but only 
touch the Equincctial. or other Parallel cut by the Edge of the Ruler; 
then take with your Compaſſes the Segment, or part of that Rhomb 
between that place and the croſſing of the Equinoctial or Parallel, which 
meaſure in the Equinoctial, and ſee how many Degrees are contained 
between them, ſo many times 20 Leagues is the Diſtance of thoſe two 
Km. V : 3 
Or, if that Segment of the ſaid Rhomb be greater than can well be 
taken with the Compaſles, take the Length of 5 Degrees of the Equi- 
noctial between your Compaſles, and look ho oft you can find that 
Length in the Segment of the Rhomb aforeſaid, for ſo many hundred 
Leagues is the Diſtance of thoſe two Places. 
lt the Diſtance from the Lizard to Barbadoes were required, the Dif- 
| ference of Latitude between thoſe Places is 36 45' therefore take 36? 
45 from the Equinoctial, and laying a Ruler over both Places until it 
will crois ſome Parallel of Latitude; then keeping this Diſtance of De- 
grecs in your Compaſſes, apply one Point to the edge of the Ruler, ſo 
that the other Point may but juſt touch the Parallel croſſed by the Ruler; 
the Segment of the Rhomb between the Point where the Compaſſes ſtay, 
and the Interſection by the Ruler and Parallel of Latitude, meaſured bj 
the Degrees of the Equinoctial, gives the Diſtance about 1 140 Leagues, 
which was required: But if your Chart have ſuch a Scale to it as we 
bave juſt now deſcribed, you may fave all this Trouble and take off your 
Diſtance at one Extent, as you are alreadly taught, : 


There is nothing elſe that will be of any Difficulty in the common Uſe of 
; this Chart, if theſe plain Directions be underſtood. · 
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SEG T. VI. The Deſcription and Uſe of the Globes. 

FNF Globes there are two ſorts, one is Terreſtrial, and the other 
„The Terreſtrial hath on the Super ficies of the Body pourtrayed and de- 
ſeribed the whole Form and Faſhion of the Earth and Sea, with the Ci, 
cles of the Sphere, as Colures, EquinoRial, Tropicks, & The 


192 r ' Grgrathical Been. 


The Celeſtial Gabe hath on its Surface the Conſtellations of all the | 

known Stars in the Heavens, placed in their Latitudes and Longitudes, 
Right Aſcenſions, and Declinations, drawn into ſeveral Images and Fi. 
gures, according to the Fictions of the EET with the GHG of the 
* as in the Terrefirial Glebe, ; 


' Geozraphical Defuitions nie to be ade Bind: 


Def. J. The Globe of the Earth is a Spherical Body, compoſed of 
Earth and Water, and is divided into Continents, Iſlands and Seas. 

II. A Continent is a great quantity of Land, not divided nor ſeparated. 
by the Sea, wherein are many Kingdoms and Principalities; as Eurobe, 
| 72 and Africa, are one Continent, and America is another. 
III. An Ifland is ſuch a part of the Earth that is inviron'd round wit 
Water; as the Iſland of England and Scotland, and alſo Ireland, the Iſle 
of Wight, Barbadoes, &c. 

IV. A Peninſula is ſuch a part of Land is almoſt eacbrpatled about 
with Water, and is only joyned wich the Land by an Idhmus; ſuch is 
that great part of Land i in America, called Peruviana, and Morea in the 
| Tevant 
V. An J[ftbmus is a narrow Neck of Land which joineth the Peninſl 
to the Continent. 

VI. A Promontory is ate: gh Mountain, er great Cape of Land 
that ſhooteth it ſelf 1 into the Sea; 3 as N Bon Epperance, or Cape a 


* Verde in Africa. 


VII. The Ocean is a ae Collection of che Warers, which (exce | 
whore the Land lies above it) environeth the Earth on every ſide. 
VIII. The Sea is part of the Ocean, to which we cannot come but 
thro? {ome Straits. as the Meditt erauean and Baltick Sea. 
IX. A Srraitis a part of the Ocean, reſtrained within narrow Bounds, 


. and opening a way to the Sea; as the Straits of Gibralter that leadeth 


into the Mediterranean, and the "Grand that leadeth into the Baltick Sea. 
F. A Creek is a ſmall narrow part of the Jen, or Rivers that go up but 
little way into the Land. | 
E . 31. A Bayc1s.6 great Inlet of the Land, as the Bay of Biſcay and | 
1 the Bay of Mexico. 
XII. A Gulphis a great Inlet of the Land, deeper than aBay 5 tuch | 
is the Gulph of Venice, and the Gulph of Florida. 
XIII. A Climate is a certain hey of Earth and Sea, that is included 
within the ſpace of two Parallels; and of them there have been ancient- 
ly accounted ſeven, | 
1. Dia Meroes, 2. Dia Hues. 3 . Dia . 7 Dia Rhodes. 


5, Dia Rhomes: 6. Dia Boriſthenes. 7. Dia Ripheos. Bur now there 
. bp 11 19s | ate 
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are 24 ON. each ſide of the Equator being limited by every half Hours In- 
creaſe of the Day, beginning at the Equator, and ending where the 
longeſt Day is 24 Hours. 

XIV. A Zone is a certain pace of the Earth, contained between cer= 
tain Circles of the Sphere, and are thus divided : 

The Earth is divided into five Zones, viz. one Torid or Burning 
Zone, two Temperate, and two Frozen Zones. 
The Torid Zone is that which is on each ſide the EquinoAlial, boun- 
ded by the Tropicks of Cancer and Capricorn. 
The two Tamperate Zoxes are contained between each Tropick, and 
he Polar Circles. 

The two Frigid or Frozen Zones, are contained between each Polar 
Circle and their reſpective Poles. 

The Globe of the Earth is divided i into theſe four Parts, Vix. 

E UO RO PE, "TY. IRNN ICA, 
. 4 ½ KI 

EURO P E, is ended from Africa by the Meditteranean Sea, on 
the Eaſt with the River Tanais, and on the Weſt with the Wenetn 8. 
cean; and containeth theſe Provinces, 


. Germany, L Himars, 
hal,  Depmark, Muſcovy, Sclavony, 
France, N „ __ Poland, '' Greece, 

; Portugal, 9 8 . P. 9 artary, Dalmatia. 

10 The Principal Iſlands are, 170 LED 
Great Britain, | Candia, 70.5, GG, Cyprus. 

%%% Ap  -- 


ASIA is bounded on the North with the Northern Ocean, and on 1 
the South with the Red Sea; on the Eaſt with rhe Eaſt lodian Bow —_—_— 


and on the Weſt with the Flood Tanais. _ 
e Principal Regions are, 


| Anatolia, Armenia, ". Mira, Perſia, China, ER 
eie, Aribia,  Melopotamia, Mogul, hls; and the 
Paleſtine, Georgia, Chbaldea; Tartaria, Iſlands thereof. 


 AFRIC A, is bounded « on ifs Eaſt with the Red 1 Ih on the Weſt 
with the Atlantick Ocean, on the South with the Southern Ocean, and 
on the North with the Meditteranaen Sea. 
The Provinces are, 


| Eeypr,. bn Barbary, | Ethiopia, 155 
Abyſſine, Monomotapa, Nubia. 
: „„ Wha Principa Iſlands are, e 
W or St. Laurence, St. Thomas, Cate de Verde 
The Canary Iſlands, The Madera Iſlands, lande, 


Bb 3 


194 The „ Diviſun of the ; Barthly o 6 lobe. 


AME RI A is bounded on the Eaſt with the 4tlantick Ocean, on 
the Weſt with the Pacrfick South Sea, on the North with the North 
Ocean, and on the South with the  Magelauick Sea. 


In conſiſt of two, wie: North and South America. 
The Provinces of North America are, 


New France, New 4 N Carolina, 
New England, Maryland, Terra Florida, 
Fee, F Mexico, or New Spain, 
5 And Sat not yet ny diſcovered 
„ oc Be The chief Iſlands are, 
Veland, th peniola, Jamaica, 
Greenland, Cuba, New found land; 3 
California, Ports Rico, nt Barbadbes, and the reſt of the Carill 


| — Wands, 
n | 1 he Provinces of South eric ates: + 

Brazil, , Amaxone, Mage Lanick-Laud, 
Terra Firma, Peru, | Paragua, _ . | Guinea, 5 * 

4 One Iſland, Terra del Fueg g. 
The Names of the Seas in ſeveral Pane al the World. 
Mar del Nort, Narrow Sea, Mediterranean Sea, :M Mart Majore, Mare Pa 
 cificum, Mare Caſpium, Eaſt Indian Sea, Perfian Sea, "Red \- 


The Names and Numbers ht the Stars of each Conſtellation on the celſi 4 


12 Auriga, 4 „ 


Glole. e 
. Northern Conſtellations 3 are 2% i vix · Le be 
'Y Uſe Major, VT Serpentarins, 5 
, 2 U// Minor, 27 | 14 Serpent, 3 
32 ͤ P þ 
pz _ a A Og 
7 en ey | gs 1 © - "vat 17 
6 Corona Borealis 8 | 18 Delybinus, — 5 1 
7 Egonaſes, or Hercules 29 | 19 Equiculus, K 
"'V La, 10 | 20 Pegaſus, 20 
9 Olor, or Cygnus, 4 . Andromeda, — 2 
10 Caſſiopen, 13 | 22 Triangulum, 8 
J 8 23 Coma Berenice r. . Td. 
Zodiack 


Southern Conſtellations, 27. 


The Conftellations.® 
Zodiack Conſtellations, 12, viz, 


n 13 
2 Taurus, : 5 K 
3 Gemini, 18 
4 Cancer, | 9 
1 26 
6 Virgo. 85 27 
161 22 
21 M, hy 31 
3 Flumen Eridanus, 34 
4 Lepus, 0 BS 6 
5 Canis Major, | mb: 
6 Cams Minor, | 2 
7 Argo Navi, 41 
9 Car, 3J=" +: 
10 Cor ut, A 4-17 
i Contanras; "i 
12 Fera, aut ren, e 
| 13 Ara, TREK | Dee, T-: 
'Y 14 Corona Auſt. r 10 


18 Indus, 


1 0 : 


' 
9 * 
* 
cd 


7 Libra, 

8 Scorpio, 

9 Sagitar ius, 
Io Capricornus, 
11 Aquarius, 


12 Piſces. 


15 Piſces Auſtrius, 
16 Grus, 
17 Phenix, 


20 Aus avis Indica, 


21 Apis Muſca, 
22 Camelion, 


23 Triangulum Auſter, 
24 Piſces volans, 


.25 Dorado, 


26 Touc an, 


8 


The Globes are compoſed of thele Parts. 1 
: Firſ, The Body or Globe it ſelf. 
Secondly, The Brazen Meridian. 
Third, The Quadrant of Altitude. 
Fourthly, The Hour Circle and Index 

MN ifthly, The Wooden Frame in which i it ſtands called the e Horizon, 


The Globe doth repreſent the na 8 and Pakricn of the 
Earth and Heavens, and performs Problems of the Sphere, either in 4- 


i ſtronomy or Geography. 


turgerh upon the Axis, being two ſtrong Wires. 


2. The Hour-Circle is a flat Ring of Braſs, faſtened upon a North- 
part of the Meridian, and is divided 3 into the 24 Hours of a natural Day; 


and each of theſe Hours ſubdivided into Halves and Quarters. 
1 The Quadrant of Altitude is a long and thin flip of Braſs divided 


into 905, and is to move up and 575 ol the Surface ot the Glob 


. 88 


1. The Brazen Meridian is divided into 4 Parts or Quadrants, each 


being divided into 90˙; within this Meridian the Boy ot the Globe 


e tO 
any 


196. Je Uſe of both Globen. 

| a wif Fe tion required: and when placed in the Zenith, the Edge thereof 

-.  reprefenteth an Azimuth, and the Diviſions ſhew the Almicanters, or 
Circles of Altitude. e = 


4 The Horizon is a flat and round Frame of Wcod, in which the 
Brazen Meridian, and conſequently the whole Globe doth more, being 
divided into a Kalendar, ſhewing the Day of the Month, the Place o 
the Sun, the Rhombs, Cc. BY 5 Ws e 


PRO B. I. How to ſet the Globe to the Latitude of a Place. 
Lou have next the Edge of the Wooden Frame, which repreſents the 
Horizon, the 32 Points of the Compaſs, by which you%now which 
is the North and which is the South part of the Horizon, therefore put 
the North Pole of the Globe to the North, and the South Pole to the 
South part of the Frame, and if you are inthe North Latictude draw up 
the North Pole (but if in Sofith Latitude the South Pole) of the Globe 
till the given Degree of Latitude upon the Brazen Meridian under the 
elevated Pole juſt cut the Horizon, and then is the Globe ſet to the 


Latitude of the Place, and fit for Uſe. 
= 5 The Uſe of the Terreſtrial Globe. _ 2 
P ROB. II. To find the Latitude of any Place upon the Globe. 
Firſt find the Place required upon the Globe, then turn the Globe a- 

bout, until the Place whoſe Latitude is required, be juſt under the Bta- 
zen Meridian, then note what Degree ſtands againſt it on the Meridian; 
that is the Lati: ude of the Place which was require. 
Example. Let it be required to find the Latitude of Rome Turn the 
ody of the Globe about until Rome be juſt under the Braſs Meridian, and 
you will ſee 410 517 to be right againſt it, which is the Latitude of Kone. 


 _ PROB. III. To findthe Longitude of any Place upon the Clube. 
| . Turn the Body of the Globe about, till the Place whoſe Longitude yon 


require, comes under the Meridian: then obſerve what Degree of the 


' EquinoGial is cut by the Braſs Meridian, and the Number of thoſe De- 
grees is the Longitnde J %%% 
Examp e. Let it be required to find the Longitude of Rome, as before, 
therefore bring Rome under the Meridian, which being done the Meri- 
dian will cut the Equinoctial in 36˙3, the Longitude of Rome required, 
if you uſe Globes that begin Longitude at the Iſland of St. Michaels; but 
of jate the Globes frequently begin to reckon Longitude from the Me- 
ridian of London, and then if you turn the Globe as before, you will find 
Rome in Longitude 12* 28' Eaſt from London, G c. An = 


PR OB. IV. To find the Diſtance of any two Places on the Glole. 

To periorm this, lay the beginning of a Deg. on the Quadrant of Al- 
titude upon one of the Places required, and note how many deg. there are 
contained between them; which is the diſtance between the ſaid Places. 
Duample. Let it be required to find the diſtance between London and 
Rome; therefore lay the Quadrant of Altitude from one Place to another, 


| " Wy \ bs „ | . 9 . 8 | AR , 8 I. | 1 1 
Ibe Uſe of the Celeſtial Globe. 192 "MY 


and you will fiad 13 deg: to be intercepted between the aforeſaid Places, #4 


which is the Diſtance between London and Ro me. 


p ROB. V. To find the Poſition of Places one from another, 

| Firſt ſet the Globe to the Lat. of one of the Places, and bring the ſame 
Place under the Meridian, and extend the Quadr. of Altitude, being fixed 
over the firſt Place to the other Place, and thz end of the Quadrant ſhall 
point out on the Horizon the Poſition that one Place hath from the other. 
Example Let it be required to know the Poſition of Rome from London, 
therefore bring Londox under the Meridian, and there fit the Quadrant of 
Altitude, and the edge thereof upon Rome, and the end of the Quadrant 
of Altitude will point to 53*, which is the Poſition of Rome from London. 


The Uſe of the Celeſtial Globe. 


PRO B. VI. The Day of the Mouth being given, to find what Sign and | | 


Degree the Sun is in. 


= Firſt find the Day of the Month in the K alender, on the Horizon, and 
| right againſt it you ſhall find the Sign and Degree in which the Sun ie. 


Example. Let it be required to find the Sun's Place on the 5th of May 
| You mult find the 5th of May in the Kalender, and right againſt it, you 
will find 25 degrees in Taurus, which is the Sun's Place that Day, 


| PROB- VII. How to place the Index of the Hour Circle for any Day in 1 


* „ | 
The place of the Sun found (as in the laſt Propoſition) you muſt find 
that degree on the Ecliptick line of the Globe, and bring that degree to 


the Brazen Meridian; then ſtaying the Globe there, turn about the In- | 1 
dex of the Hour Circle till it points juſt upon the upper Line of XII in 5 


e Hour Circle, which being done, the Hour Circle is re&ified for that 
bo OB. VIII. To find the Time of the Sun's Riſing and Setting. 
The Hour Circle being re&ified,. and the Globe ſer to the Latitude, 
| thenturn the Globe about till the Degree of the Ecliptick in which the 
dun is, cut the Eaſt fide of the Horizon; and then caſting your Eye up- 
eel a Fas N R 


_ * * Ie of T Cee "iis * 


on the Hom Circle, the Index will ſnew you the Time of the Sun's Ri- 
ſing. And the Globe being turned about till the degree of the Sun cut 
the Weſt ſide of the Horizon, the Index will ſhew you the Time of the 
Sun's Setting. | W e 15 
Ex. Let it be required to find the Sun's Riſing and Setting the 5:h day 
of May, in the Latitude of London, the Sun being then in 25 of Taurus. 

Firſt, find the 25th deg. of Taurus in the Ecliptick line, which being 
turned to the Eaſt part of the Horizon, you will find the Index point to 
a quarter after four of the Clock; the ſame point of the Ecliptick bein 


teurned to the Weſt part of the Horizon, you will find the Hour Index 


point to 3 quarters paſt 7, the Time of Sun- ſetting. 
Having the time of the Sun's Riſing and Setting, you may find the 
Length of the Day and Night; for the time of the Sun's Rifing being 
doubled, gives the Length of the Night, and the Time of Sun ſetting 
doubled, the Length of the Day. y. 0 
Example. The fifth of May, the Sun riſeth a quarter paſt 4 of the Clock, 
which being doubled, is 8 hours and a half, tie Length of the Night; 
and the Sun-ſetting, which is at 7 a Clock and three quarters, being dou- 
bled, is 15: Hours, the Length of the Day. e 


5 PRO B. IX. To find the Sun's Amplitude. ; 
The Amplitude of the Sun is an Arch intercepted between the Eaſt or 


Welt points, and that part of the Horizon where the Sun riſeth or ſetteth. 


he finding the Amplitude differeth little from the laſt Propoſition : | 


For having brought the Degree of the Sun's Place to the Horizon, you 


count how many Degrees of the Horizon are intercepted between the 
Eaſt or Weſt point, and that Part of the Horizon where the Sun either 
rueth-or fett OO ons OR Op A Rn. 
Example. The fifth of May, I defire to know the Sun's Amplitude in 

the Latitude of London; therefore briog the Place of the Sun tha: Day 
to the Horizon, and you find 3 14 intercepted between the Point of the 
Horizon, and the Eaſt point, which is the Sun's Amplitude Nottherly. 


PRO B. X. How to find the Sun's Declination any Day of the Tear. 
The Declination of the Sun is an Arch of the Meridian, intercepted 
between the Sun's Place and the Equinoctial; to find which, you mult 
bring the degree in which the Sun is, to the Brazen Meridian, and there 
ſtay it, and count how many Degrees of the Meridian are contained be- 
tween the Equinoctial and the Sun's Place, and that is the Declination. 
Example. I would know what Declination the Sun hath the fifth of 
May, the Sun being 25* in Tasrus which being brought to the Meridi- 
a Reis ca Hts. AS au, 


OO The Hſe of he Calf Cle. 


al on the Brazen Meridian, which is the Declination required. 
PROB XI. To find the Meridian Altitude of the Sun auy Day of the Tear. 


The Meridian Altitude. of the Sun is an Arch of the Meridian, inter- 
cepted between the Horizon, and the Degree in which the Sun is. To 
perform which, turn the Globe about till the Degree of the Sun be juſt 
under the Braſs Meridian: Then ſtaying the Globe there, count how 


many Degrees are contained between the Place of the Sun under the 


Meridian, - and the Horizon ; and that is the Meridian Altitude. 

Example. On the fifth of May it is required to find the Meridian Al- 
titude of the Sun that Day in the Latitude of London; the Sun's Place 
in the Ecliptick is 25? in Taurus; therefore bring that Degree under the 
Braſs Meridian, and you will find 55” and a half to be intercepted up- 


on the Braſs Meridian, between the Place of the Sun and the Horizon; 


* 


that is the Meridian Altitude of the Sun that Day. 


p RO B. XII. How to know what Altitude the Sun ſhall have any Hour 
= of the Day, on any Day of the Tear. 20 „ 


Having found the Sun's Place, and rectified the Globe to the Latitude, 
and the Index of the Hour Circle for the Day propoſed, turn the Globe 
about till the Index of the Hour Circle be juſt upoa the Time when you 
ſhould know the Altitude; then ſtaying the Body of the Globe here, bring 


the Quadrant of Altitude, being ſerued on the Zenith, and lay it over 


the Sun's Place: Then the Number of Degrees contained betwixt the 
Horizon and the Sun's Place, counted on the Quadrant of Altitude, is 
the Altitude of the Sun at — 36 37 tn 3g 


Example Let the time given be the tenth Day of April, in the Lati- 


' titude of London, at which time (by the ſixth Propoſition) I find that the 
Sun is in the beginning of Taurus, and I would know what Altitude the 
Sun will have at Nine of the Clock in the Morning. The Index of the 


Hour Circle being re&ified for that Day, turn the Body of the Globe 


about till the Index of the Hour Circle lies juſt upon 9.of the Clock; | 
then ſtaying the Globe there, lay the Quadrant of Altitude on the Suns ³ 
Place and the number of Degrees between the Horizon and the Sun's WM 
place (counted upon the Quadrant of Altitude) is the Height of the Sun, 
which here I find to be 36? at that time, or at three in the Afternoon; 
for the Sun hath the ſame Altitude (nearly) at 9, B. 7,6 Cc. in the 


Morning, as it hath at 3, 4, 5, 6, Ce. in the Evening. 
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an, you will find 197 intercepted between that Point; and the Equinocti- 
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8 Thelife of the Celeſtial Globe. 


P00... 
ROB. XIII. How #0 fd the Hour of the Day by the Globe, © | 


' 


This Propoſition cannot be performed conveniently by the Globe only; 
but the Altituce of the Sun muſt be firſt taken by ſome Inſtrument, and 
thea this is but the converſe of the former Propoſition which it performs 
thus: the Globe being ſer to the Latitude, and the Index of the Hour 
Circle rectified, turn the Globe about till the degree of the Sun's Place 
meet with the Altitude, taken by the Inſttument, upon the Quadrant of 
Altitude, and then will the Index on the Hour Circle ſhew you the Hour 
of the Day, do the like by a Star to find the Hour of the Night. 
PROP. XIV. To find both the Right and Oblique Aſcenſion, and Oblique 
PT. Jö; ET TD TS 
The Globe be ing ſet to your Latitude, bring the Degree of the Sun to 
the Brazen Meridian, there ſtaying it; ſee what Degree of the Eęninoctial | 
is cut by the ſaid Brazen Meridian, and that is the Right Aſcenſion of FM 
the Sun that Day ; So the Sun being in the beginning of Taurus, his 
Right Aſcenſion will be faund to be about 28? ; and bringing the Sun's 
Place to the Eaſt part of the Horizon, in the Latitude of London, the Ho- 
rizon will cut the Equinoctial in 13 59 which is the Oblique Aſcenſion, 
and bringing the Sun's Place to the Weſt Part of the Horizon, the Ho- 
rizon will cut the Equinoctial in 42}, the Oblique Deſcenfion, 
PROB. XV. To find the Meridian Altitude of a Star, or the Altitude * 
„„ 5,2 ic OM MAT Ron. „ 
| To find the Meridian Altitude, let the Globe be ſet to your Latitude, 
and then turn the Body of the Globe about, till the Star be under the 
| Brazen Meridian, and then the Number of Degrees of the Meridian inter- 
coepted between the Star, and the North or South part of the Horizon, 
according as the Star is ſituated, is the Meridian Altitude thereof 
Nov to find' tke Altitude at any other Hour, turn about the Globe till 
the Index of the Hour Circle be at the Hour you would know the Alti- 
| tude of the Star (the Index of the Hour Circle being firſt rectified to the = 
| Sun's Place; and then apply the Quadrant of Altitude to the Star, and te 
degree of the Quadrant cut by the Star, is the Altitude, at that time. 
PROB. XVI. To know at any Time of the Day er Night, what Stars le 
„% ᷑ M ,, cove pgs: 
This is no other than to place the Globe in a true Poſition at that time; 
which is eaſily performed by turning the Globe (the Index firſt rectified 
to the Sun's Place) till the Hour Index point to the Hour of the Day or 
Nigbt; and ſtaying the Glabe there, you will ſee all the Stars that are 
above the Horizon at that Time. ee — c— 
PT On Fs PROB. I 


* * * Ty 
we "Tz 


dy 
x 


Of the Loadſtone. 1 
ROB. XVII. How to know the Rifing, Culminating, and Setting of = 
any Fixed Star; alſo what Part of the Horizon he riſeth and ſetteth in. i 
Having rectified the Index of the Hour-circle, and placed the Globe 1 
cording to the Latitude, then bring the Star, whoſe Riling, Cul | | 1 
inating or Setting you deſire, to the Eaſt- ſide of the Horizon; | 
ben will the Index of the Hour-circle ſh2w you the time of his ri- || 
og; then bring the fame Star under the Brazen Meridian, and there 
ing the Globe, the Index will ſhew you at what Hour the ſaid Star 
ones to the Meridian; Laſtly, bring the fame Star to the Weſtern 
art of the Horizon, and then the Index of the Hour-circle will 
eu you at what Hour the faid Star ſetteth, and by the Horizon 
ou may know the Amplitude, as of the un. 


- SECT. VII. Of the Properties of th: Loadſtone. 


The Magnet or Loaaſtone (though ſeemingly mean and contempti- 
le, yet) tor its wonder ful ſecret Properties, and for its real Uſeful- 


5 — * 2 — 2 > r 8 — 2 — 
re 2 — 0 : t n , 
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es to Mankind, and the great Improvements that have been made = 
Wn Navigation by the Help thereof, may jultly be admired amongſt 9 
e choiceſt Miracles of Nature; and valued above all the Gems and FD 


recious Stones in the ſpacious Univerſe, _ - = 

W Theſe Stones as they are found in divers Parts of the World, and 
re of different Colure, Weight, and Force; ſo they have different 
WDcgrces of Attractive and Directive Power and Virtue z but ditter not 
Wn Property, for they all have the ſame Direction, but ſome more weak, 
Wand ſome more vigorous and ſtrong, amongſt the reſt thoſe that arc 
Hund about Chia and Bengal inthe Eaſt Indies are reckoned the belt. 
hut there arc others alſo found in Arabia, ſome at Porto Feraro in the 
=; tome are alſo found in High-Germany, Norway, Spain, and 
bobemia; and fome in the Veſt of England, and moſt commonly in 
Iron Mines, being by ſome ſuppoſed to be of the Iron Oar, or to par 
ticipate of the very Nature of from itſelf; as appears by ics Sympath2z= 
tick Affection to Iron or Steel in drawing it to itſelt, as ſoon as it 
comes within the Orb of its Attraction; for if you apply a Piece of 
aon to either of the Poles, it will there hold it, and at the Diſtance 
draw a ſmall Piece of Iron with more or leſs Vigour, according to the 
Strength of theStone, which may be artificially augmented by capping 
each Pole of the Stone with a ſmooth and bright Pieceof Iron or Steel, 
into which, as into a Center; the Virtue of each Pole (which before 
Was dittuſed) will be contracted and united, and thereby the ſame 
Stone rendered more vigorous and powerful. VF 


+7 - 
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26: - The Ne tue of the Loadſtone! 


| Re pulſion, is alſo diſcovered by two Loadſtones, floating in 2 litte 


S. polestogether, they ſhall avoid the Contract of one another by a natu 
ral Antipathy; but if the N. pole of the one be directed to the S. pot 
of the other, they will immediately manifeſt their natural Sympathy 


Pieces ſhall be an entire Loadftone, having both its Poles diſtinctly of M 
It ſelf, with all the other Properties that were in the Stone before it Meet: 
% y y i = 
Hut if a Loadſtone be divided in the midſt between the two Poles, iu 
the Equinoctial, then it is abſolutely two entire Loadſtones; and tho 
Parts which were the Equinoctials before are now become two Poles 
and the two Poles that were Poles before, do continue the ſame. 


one Axis is now converted into two; it is alſo become two entire Lon 
ſtones; the Axis of either of them will retire into the Gravity of cithe 


Section, the Virtue of that Piece will immediately retire from it unt 


plying this ſmall Piece that was cut off to the ſame Place again, q 
Stone will forthwith impart the ſame Virtue as was before, into ti 
Piece ſo cut off, ſo long as it doth abide in that Place. 
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O the Sympathetical and Antipathetical Property of the Loadſtoꝶ- 
When a Needle is touched upon a Loadſtone, the North and Sou i 
ends of this Needle will apply themſelves reſpectively to thoſe por 
from whence they received their Magnettcal ife, to wit, the N. e 
of the Needle to the N. end of the Stone, Which denotes their my; 
tual Sympathy; but putting the N. end of the Stone to the S. cn 
of the Needle, when it is upon a Pin, the S. end of the Needle yjj 
immediately fly away; and if you put the S. end of the Stone u 
the N. end of the Needle, it will alſo diſcover its Antipatheticy Wi 


Nature and fly away from it. „„ 

But a contrary Operation there is yet in the two Needles to that 
the Loadſtone; for if one of the Needles be hung upon a Pin, thy WR 
you apply the N. end of the Needle to the North-end of that up 
the Pin, it ſhall immediately fly away; which denoteth a contryry 
Operation in the Needle to that of the Loadftone, and the S. end d 
one will immediately come to the N. end of the other. 

The ſame Property of Sympathetical Coition, and Antipathetical 


Boats in a great Baſon of Water, the two Poles of either Stone being 
diſpoſed parallel to the Plain of the Horizon, and if you put boththe 


one to another, and will cleave together by a ſtrong Attraction. 
If a Loadftone be confuſedly broken into many Pieces, each of the 


But if a Stone be cut Meridionally quite thro? the two Poles, ſo tha 


Picce, and if you join theſe two Pieces together again, the two AW 
will again become” one, which is moſt admirable to behold. 


3 


But if you cut off a Piece of the Stone at the very Pole, in a parle 


the main Stone, and will ſcarcely have any Virtue at all therein; but 


Of 
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/ the Loadſtone. 2073 _ *” -- nu 

cor if you apply a weak Stone to the Poles of a ſtron 2 one, the ſtrong iS 

E ill impart of its Virtue to the weak Stone, making it to be as 1 
Imp J 


tons as it ſelf, but when this weak Magnet deſerts this neighbourly 


p.opfpquity, the ſtrong Magnet will draw its Virtue to it ſelf again, 
4 rg i trat it no farther an the Power of its Recal. N — 
__ To find the Poles 1 Keim. 25 Fi 
rr Here are ſeveral Ways for the Performance of this Experiment. 5 
I éFirſt you may have a thin Piece of Steel about an Inch in Length, 
nd half an Inch broad, which being bent circular and laid ontheStune, 1 
ill immediately lie parallel to the Axis of the Stone, ard direct which TE 
Way the Poles do lie. Which being diſcovered near where they lie, you g 
nay find them more exactly by a ſmall Piece of ſewing Needle, which 
being laid on the Stone, if it be near cither of the Poles, will elevate 
one End thereof; then move it farther and farther, till it doth erect. 
Witſclf Perpendicular, and that very Point will be the Pole of the Stone. 
No to know which Pole it is, you may apply a {mall Needle of a 
Dial to it, and if the Pole draw the North-end of the Needle, then is _ 
What the North Pole of the Stone: and the Contrary, = 
Or otherwiſe you may find the Pole by a ſewing Needle and Thread, 19 
Wy hanging it over the Stone where you ſuppoſe the Pole to be, and 1 
Weep it a little ſhort from the Stone, and the End of the Needle will 
rectly point te rhe Forte: of the Seon. EY 1 
0 infuſe ee Virtue into a Needle, without the help of « Load ſtone. be 
I Ron being a Mineral of the Earth, and havinga Sympathetical Qua- i 
LL lity with the Loadſione, acquiring this Verticity fromthe Magnetiſm 
Wot the Earth, being diſperſed according to the various Poſitions there- 
Wot; for all Iron, whoſe Polition is parallel to the Axis of the World, or F] 
Wt it be perpendicular to the Horizon, the upper Part thereof ſhall have Jl 
N. and the lower Part S. Virtue ; as Bars in Windows, Caſements 
Tongs, and Fire Forks, and all ſuch Things; which Virtue they ac- 
quire in a very little time, as I experienced by a Fire- Fork, which with- 
In jodays aſtexit was firſt made, (being kept in a perpendicular Poſture) 
ts upper End did very ſenſibly draw the N. point of the Compaſe, 
and the lower End the S. point; but the longer any ſuch Piece of Iron 
ontinues in that Poſition, the ſtronger Virtue it doth contract; ſo that 
once made an Experiment upon a ſmooth Picee of Iron, which had 
for ſeveral Years been in a perpendicular Poſture, and | filed the uppcr 
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nd thercof bright, and touched a ſmall new Needle thercon, the S. 
| d I touched upon the North or upper part of the Iron, and the N. 
VWE"d upon the S. or lower End; and I found the Needle to play indii- 
ſy And 


crently well, and to conform itſelf to the Magnetical Meridian. 
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Full moon A |* TLaft quar. 2705 A 0 
- (Lift quar. be II Al [> New! moon 0304 A 
py S5 New moon II IOM [8 Firſt quar. 1101 Al 
S Firſt quar. OM [F Full moon |1906M| 
"Fall moon 2501 A 8 (Laſt quar. 2512 A 
: (Lat quar. oo | 5 New moon 0308 A 
N New moon 0906 A IS JFirſt quar. 110M | 
15 quar. 16 S JFull moon 1806 A 
Full moon 24 |S Laſt t quar. 5 20 NM 
| The Year 173 5 hath Four —Edlipſe. Two of the , 
IP and Two of the Moon, 
The Firſt ; is of the Moon, March 27th inviſible. 
The Second is of the Jun, Anil. the 11th inviſible, OE 
The Third is of the "Fg September the 2oth, viſible 7 Digits. 
The Toure 1 18 s of the Sun, Qfober the ath, inviſible. 


210 
A Tide Table for the Sea - Coaſt of Great-Britain, Ireland, Nor. 
way. Holland, Flanders, France, Biſcay, Oc. Shewing what 


Moon makes full Sea, upon the Full and 
Places following, in an Alphabetical Order. 


A | 

7 1 Army, NNE, and SSW, 
At Amſterdam and 1 

teirs, N E and SW. — 


* 


H. M 


At Abarwick, E N . and: | 


— 


WS 
At Abermor ick. and en 

Eaſt and Weſt. --- 

At Allerough, SE by S, and 

Nn 


0 


— 


3 


At Beachy and Blackt«il, and p 
before the Race of ys e N. 


— 


and 8 
Thwart of geac by i in the Offire 
N by E and 8 by W. 
5 At Blackneſs in Bluet, and Pell 


— 1 


wi NNE and SSW. 


Without Bluct, and at Ber 1 


= Phe River of Bordeaux, the 


South Coaſt of Britaigne, th 
Coaſt of Biſcay, and at Boekpeſs 
NE and SW 

At Brit, before the Baſs, the Ri 


ä „ we * 


ver of Bourdeaux withinin the Ha-“ 
03 


ven, NE by E. and SW by W. 
In the Breeſound, Bloy, Black: 
mire ENE and WWW — 
Hefore Bremen, and at Black: 

ney, and in the Channel before 
Bordeaux, Eaſt and Weſt.- 


At Briſtol Key, E by 8. and W. 


by N — 


— — 


Bt Bridgwater, ESE. and | 


— — 


WNW —— 
_ Bulieyy doh SSE and NN W.“ 


In the 3 Nod 8— | 


Ia the Chamber af Rye, N by | 
E and Sby We — — 


Whos 


UC 
30 


o. 


ſio the Creek, ENE & V' SW. 


[-arnarvay, E by N. & W by 8. 
45 


b unlirk, North ind South — 


NW by W. — 


The Tide. Tab e. 


Without Calice, at Corpus chi- 
% Point, before and at « W 
NNE. and 8SW. 
Between Calice and Dower, 
betore Conquer, and at the N. 
ape, NE. and SW, —— 
Bt Cerk, Caliee, Cape Clear, and 


— + 


At Caldy, and in the Biy of 


At Concals, Eaſt aud Welt. 
Without the Caſ het, in be 


Channel SE by E and N by] 


c 


Between Guernſey, 70 the 
"askets, before Cromer, before 


che Caskets and Guernſey, at Seven 


; +l lifts, and at Catneſs, SE. and} 


ew; 


NW. a 
At the Cackers, 50 at Cham- 
berneſs, SE by S and NW by N. 
At Cows, in the Foſs of Caen, 


At Denbeigb and Downs in the 
Road NE by N. & S W by S. 


Changer days, at the 


E 
| ſin (alice Road, and in chamber... 
| [eſs Road, 88E and NN W— 
Before the Haven of Caen, in| | 
the Chamber, between Crit ple- 
and and the Creyl, and at Cul-| 


bor, 8 by E. and N by W. — 
D * 
At Dover | Peer, and; before . 


H. 


11 


I 2; 


At Dort, NE and SW 
At Dungervan, ENE and 


WSW. 
At Dartmouth, Foſt and Weſt oO 


At Dublin, 8 E by E. and 


* 


At Dunbar, 8 E and NW. 
At Dungene and Dunnoſe, 8 


E byS a andNW by N be 


Pan's . ; | 
w_l | 


04 30 I 


0 - ; 
go} 


O 


4.5! 
At 


Ir . 211 


At Dover, Diep, and in theffl. Mat Graveſend, NNE and 88H. M 
Downs a ſhoar, 8 8 E. and N. | W an — — 2 —— — | ) I 30 
NW, - roj3ol At Groy, at Gaſcoign, and the | 
E Coaſt of Galicia, N. Eaſt and | 
At Emden, before the Elve, SW — 60 
petore the Eyder, and before Between Gueruſey and Caskers, 
Eucbuſun, N and 8. x 2\oo]SE. and NW = ——— 090 
At Edam, NNE. and 88 W. oa50 Thwart of! Guernſey, in the} | | 
| Before the Laſtern und We] [Channel, S E. by 8. and Nw| | | 
Nern Emes, and at Fnzmonds, [by N 09 45 
8E and NW, =>——— — Poſooſ In the Chamber and Foree- and 
On the Coaſt of Flanders} | H 
North and South, — ---- [rztoo} ede the . before Horn, x 
At Tluſhing, N. by E. and | ſand at Hompton Key». N. and S. 12 = | 
| 8. by Wa — — 12 45 Uuder Holy Iſland, and at Horn, | 
Before the Fey, in the Chan-  INNE, and SSW. GETS, | 
nel NNE. and SS VV. oo 01130] Before Hartlepool, N E. and * 
Without Founmey, NE by N. F e 
and SW by 8. —— — — Þz[|l5] At Hurtcliff-foot, N E by Ex) 
Without the Banks of Flan-| | Jand SW by W. bf; 
ders, NE and 8W.— — [03[ool At Humber, E by N. and W TONS 1 
At Flamberwugh and- Bridlington, Before Hamboreugh, at Hull, at) 5 bi 
ENE and WSW, —— — [-4;39|the Holms, and be fore Humber, 1 
| At the Forn, in Foy, at Fal- | Mouth E. and W. alu 06 50 
| mouth, E by N and N by 8. 55/1 5 At Harlem, Havre dl: Gr. ce, and 9 
Between Foy and Falmouth, i Home- bead, SE and N. 904 i 
the Channe], and at Foulneſs, El | | Art St Hellens, at n anal | bu 
5 by 8. and W. by N. — ss 4õſwithout the Banks of Harwich) 3 3 9 
Before the Coaſt of Frizeland| 8E. and NNW. 41040 1 
and the „ E 8 E, and N | | At Harwich, within 8. by Ej | | 1 
W. 5 97 50 and N by W. —— — 11150 1 
Without the Fly, SE. by E. 1 8 5 1 
and NW by W. — 8 15 Jutland I/lands, N * 8. n 4 
Ar Frize, and Fair Iles, NW | | On the W. Coaſt of Ireland, 1 | 
and SE, — e SW, — — — 7 | | B 
> the Firth, __ at the Sourtf | | In all the ne E | 
Foreland, SSE. and NNW. 10 zo Coaſt of Ireland, E 445 N. and 1 F | 
An Fair I/le Roads, and at the | IN by S « e 5 LM 
North Foreland, South by Eaſt | 5 
and North by e. 1 5 7 


Kuril ock N and "LEW 
G. || } Art Kelleirs, NE and SW, —- 


f I the Road af Gibroter, ar] | At King ſale, ENE d W. 
BE Graveling, and before Cherbur; | DW = 0 4 as 04 031 ; 


; North and South. 42 %0 At Kildays, ESE and WNW 7 30 50 | 
Fefore Gorge at Guernſey, anc N At Kildive, SE 4 NW wg | 


| D dz 


Ag F 
5 


1 


p 


— ————— 


1 
8 3 Margate, South by E. 1. 
and North 1 W. — — 


At Newport, "Half-TideNorth 


and South — 
„At the Weſt-end of the Nower, | 
N oy E. and 8. by W. n 12 


11 


10.15 


00 


45 


and NW. 


At Ram kins, NNE. and 88 W. 


O1 


At Rotter lam, in Robin. Hood's 
bog 7 


© 9K | 
At Reinborengh N 4 8. —— 

R 
At Rocheſter, N by E. and 8 by W. o_ 


"The Tide. I able. 
L HMI. Before che River of Natz H. M. 
At Liub, N and 8. =— [12joc| North Eaſt and SW ann ey | | 
At Lisbon, N E by N. 2 At Neucaſtle, Eaſt by North Kh as | 
SW by 8. —— —|oz[t5nd W. by 8. 1 
At London, N E. and 8 W. zloc] Before St. Nicholas, Eaſt by 
Thwart of Londey, and before] || |S. and W. by N.. ——— 
Lin, E by N. and W by S. — poi At the Needles at the Iſl: of 
At Lin, half Lide at Lon dey, Wight, SE by E. and NW by W. 081; 
Eaſt and Weſt. = : All th: Coaſt of No 9 1 
At Lin, E by 8. and W by | NJo6!45fand P cardy, SSH, and NNW. {ic 30 
At the Lizard by the Land Between the Nate and Warbrad| | 
ESE. and WNW. — 09,3c{of (over, » South by Fat and N. 
$ Ar Lumbay, 8 b. by E. and] | |by W. — — 1.45 
NW by W. — ——- ſoslts5 * = „ 
At Leyſtaff, and thwart of it „„ Orkneſs, NE. and SW, -— lug] 
witheut the en 8 E. by S. I At Orkney, SE. and NW. =-—[oglge 
ard NW. by N. — £9145] Ar 0 fordveſs, SE. by S. and 44 
In LH Rea?, and at Long NW. by N. 0945] 
ſard bead, SSE and NIN — [rot Ar 055 fordneſs, wine the 2% 
M i | Bank, and between Orford and| | |. 
Withir the Maes, at Maldan NI Ora el! Waves, 8 SE. and N. 
by E and 8 by W. —— — fz ANW. — — 1030 
| Before the Wee, N N E. and | At Orfordne/ 5, within the Sands, | 
SSW. — — Pic by E. and N by Winm_— 
At the Rt and Feine Sti + £5 oh | 8 
Mathews Point, NE. hy E. and] | At Port fus out h, Half - Tide, N 
SW. by W. —— „erz and South — 1200 
In Noouſebole, at t St. Martheus, | | Ar the Pers, Porthus, and Pais, 3% 
5 * within Mountsbay, ENE.| | NE. and an? 03 oO 
and WSW. . 4% On the Coaſt of !ortugal, N) 
In NM. ford, at Moon li, at St] IE by E. and SW. by W. 93 45] 
Maloes, E. by N. and W by in Plymouth, and beföre St 'Y 
South — Sit 5% ,, E by N and W. by 8. 015 
Between Monſchole and Fat | At St. Pauls in the Haven, 
month, and in Milford. Haven, E and W. — 600] 
E E. and WNW. = —— jO] 30] Before Podeſſemsh, Eaſt by 8 FT 
la St Mageres Sound, and at] fand W. by N. — — — 0645 
Magnels Cafile, 8 E by E. and] | N of Plymouth, ESE. | | 
NW. by W. — Ps Sand WNW. — 08 
At the Iſt of Man, SE, and | At the Race of Portland, SE.“ 
9 00 


| SE, and WNW — 


"The Tide. Table. 6. 


Bay, and from the Race to the] 
Pole head, NE. and 8 W. 
At Rouen, and before Rochel, 
NE by E. and SW. by W. 
In Ramey, * N & Wbys 


In the Steve, ketween Uſant 
and Scilly, at the Shoe, at the 


Spics, at South Hampton, and a- 
200 


long the Suin, N and S. 
Upon the Coaſt of Spain, and 

in Shetland, NE. and SW, —* 
At Scilly, 1 in the Sound, Scarburs h 

& at Sta les NEbyE & SWby W. 
At 7 Iſles, u ithout the Ha- 


W yen in the broad Sound, ENE.| 


and * SW. 
Atthe mouth e between 
| Scilly & tae Lixard, at the Spurs 
& Stockton, E by N and W by 8. 

Without Scilh, in the Chan- 
nel, and at Salcomb, E and W. 

At Sdmoutb, and at the Start, 


E by 8. and W by N. 


Of the Start in tae Channel, | 


| ESE. and WNW. 


Within the Syn, and before] 


Helberg h, & at 7 Clifts, SE & N 
Ar de a, SEbyS, & NWbyN. 
e SH bead, S8 E. & NNW. 


6 5 
Within Tervere N by E. and 
S by WJ... 
85156 | ervere before the £4 


River of Thames, and at Tin- 


| mouth, NNE. and S8 W. — 
| Before the Tees and january 


: before the Bay of Tinmouth| 
| NE. and SW. 


——— — — 


At the Clifts of the Tee / 
- INE. and WSW, — — 


ln Torbay, and before th] 


Ta, E and W 
In the Road of he Texel, E 


e W 


At Tergen, 8 E by 8. and N 


H. IN 


53100 


Before Ureck, N and 8 — of oh 
At Uſes, NE and SW — ©3oo| 


7345 
5515 


| | 
23100" 


3145] 


1 


94 30 


and W by N. 
At the Neſs, by Wiering ben, at 
Minterton, ESE. WNW. 


Between Uſpant, and the 


Main, NE by E, and SW by W. 02145 


Ia the Vourd, at the Bay, 


within UPant, E NE. and 
WSW 


At the Iy ellings, and from the 24] 


Wend of the Mgbt, NNE. and 
$SW ag, 6130 
Be fore the Weilings, N E. by 5 
N. and SW by 8. 02015 


At bit by, NE and $W — |: 63190 
| In the Sta of Wales and 
Severn, NNE. and WSW. —- O4 


In Wales, E by N. & W by Soʒ 
At Wells, at Weymouth, and 


at Waterford, E. and W ——{o6[q 


Ar Weymouth Key, E by 8] 
06 


— SU, 


29145. 
10030 


1245 


53.00 


12600 


5730 


7 N. — » —— — 
8 — : . ap——_— ww 


29145; 


|SE by E, and NW by W-—{68 
on Miering ben Flats, SE & WN. yy 
6 


2I 30 | 
ISSW — —— 01 


Ny by JW ———— 


Thwart of the Ifle of Webs) 
in the Channel, all within the 
Iſle of Wight, between the Ile of, 
Mabt and Beacby, by the om)... 


At the E. end of the Migbt, and 


Before Yarmouth, NNE, and 


At Youghall, E N. E and iN 


At Yarmonth, SE by E, ande 


la Yarmouth . in Y, ES 
Haven, $ SSE. and NN . 


On FRE Coaſt OY Zealand 
NN E. and S&S. 


— oo 
Without U/ant, E and W. os bo 
St. 1 and NNW. 10 50 


| 
At Wichelſey N by E & S byW 1:[45| 


071 


08 


1 . * * h 4 v2 x4 g * at 
* 7 9 3 , * 
— * _—_ 8 * 
” 


3 


30 


In the Zerick ſeas N E. & SN. e 


-« if 


/ 
* WITT 
adtie.uctd 


. Ae 2 — — ———ͥ m 222 2 nar, A wr ono ere 2 


2s — „„ „ art Aries | 2 


A Table of the Sun's Right Aſcenſion 
| Fel. March | April. | May. | June 
© Naht ©Right |© Rght "okeght]© Right © Right 
Aſcen. _Aﬀcen, Aſcen. A been. | _Aſcrn. 
h. m. h. m. h. m. h. m. h. m. h. m. 
36121 4323 29]ol 2203 18/5 20 
40 21 47,23 3301 26.03 19 05 24 N 
44121 51023 37jort 3003 2305 28 — 
4921 55/23 40] O01 34003 27J05 32 
3 5523441 37.03 34 37 
13 57122 03/23 4701 41/03 35105 41 
3 122 o7|23 51]o 45103 39105 45 
0522 113 e 48103 43105 49 _ 
1 0922 1523 58ſor 52003 47/05 53 
IIe 14/22 18e Jer 55ſoz Z o. 57 
ä 18122 2200 ©6 or. 5903 5506 on! {| 
3 23122 2600 o9ſo2 03]o3 59] o/ {| 
35 24422 30000 13]02 0704 03[06 og 
Sj 3122 34/00 16ſo2 Illog 706 13 
$5: „ , _2q704 ties 187 | 
116 20 39022 41000 2402 1804 1506 22] 
11720 4322 4500 2702 2204 19106 27 
& 20 4722 49j]co 3Ioz2 26004 230 300 
|| 11920 5102 330% 3400 zoſo4 27% 344 
„576; » 
> 59]23 001/009 42102 37104 3506 43 
| 04123 04/00 45102 41104 39106 47 
7: o8 23 07]00 49jo2 45104 43]06 51 
4 5 1223 1100 5302 4904 47 06 355 
2}. RL E098. 44100 30000. pune. $06. 5 
NS 2093 SHO! 9 $5604 . 55107 3 
1 2 ©0103 ee eee 00 04 39107 07 
1 2823 2601 07103 0405 0307 1 
. "32 Jo: 117Jo3 o8'o5 0707 15 
1} 30 % 36| [ox 15/03 1103 12 07 20 . 
1 1121 CCT 


8 Are 7 of the Saw s Right Jeenfom 1 219 4 
BY "ul Auguß A. Septem. October | Novem, Baan. | #4 
& © 7ighe | © Kight| 5 5, Right] © Right{© Right. S Right 4 
E Nr | Men, | Ar, | vice. | om, | Aben | 
3 m. h. m . m. h. m. K m. h m. | 
I o7 2409 26\11 20j13 og[15 0817 10 | 
4207 2809 3011 24/13 13/15 12/7 21 1 
i 1307 32. o9 34|i11 27 13 16j15 16j17 26 | [} 
| | 407 36/09 38|11 31113 20075 20[17 0 1 
= | [53527 7 40/09 4111 34. E i 
=: 6 o 44,09 45 11 35,13 27 Is 28017 3 f | 1 
7 4809 % 4213 31[15 32/17 43 1 
|. -.þ 8 Of [52.09 - $2411 45 13 35 IS 37/17 40 1 
| | 907 5609 5611 49,13 r 
1 88 09 5911. 5213 42 46% 57 | 
188 04 10 0311 56{13 46/1 5018 or | q 
11208 o810 7 C013 golrg $4118 06 Ei: N 
130 1210 y1[12 03 13 34 15 $9|18 10 Es; 'Y 
14.08 16/10 1512 07113 58116 0318 15 | 1 
WEL. '08 20/10 18]12 14 OI; 5 3 3 
83 08 Tr I 22 12 = 14 0516 12{18 24 
1708 28 10 26012 1814 95116 1618 29 
| | 1808 32 10 29112 2111 8 1 160 20018 34 
11908 3610 33/12 25,14 17,16 24/18 38 = | 
22008 40/10 36[12 28 14 21 16 2008-40  j- 


| | | 21008 44 10 40/2 32 14 25116 33018 46 1 — 
42208 4810 44/12 36/14 29 „FFC 5ĩ² - + 
442308 $2510 48 12 39,14 33 16 41118 55 EE 


144% 5610 67/1 43114 37116 45118 5 | [ 
| [25/08 1 012. 49114 40116 gory 04 | | 
12609 0310 58012 50:14 441 5419 8 ' 
| [27109 07/11 2012 $4114 4816 389 12] | 1 
28009 11/11 0512 58014 5217 63019 17 | ö 
12909 1511 0913 0214 567 o7j19 21 i 
| {3009 18111 12013. 06015 0017 12j19 26] {| 4 
| iſop 221 dl fro of ip 3 1 
6 . 
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A A TABLE, W the Right Aſcenſion, Declinatidn ard 
| Magnicude ot the — Fixed Stars. 


* 


— 


8 


' 


— 


Ow S Right Decling, 

1 Names of the Stars, os | Aſcen| td on. 
On | = [hh m. d. m. 

D tar — — — 249% 237187 33 
Girdle of Andromeda ——— ꝛkß-—„::n 2 102 50133 30 
Acarner, or loft 7 in laſt Eradanuü!!ĩ1!üł⸗ñʒ7,]nů 2 1101 2558 55 
Bright Star of At ies — ͤä O—— — 12 51 51122 04 
Meduſa's Head — — J 212 49139 48 
Bright ſid? © Perſeus — — — — 42403 014 48 
Briehtsſt of the ſeven Stam 42 03 25] 22 55 
Alde bar an, or Bulls Eye — — — — | ro; blos 50 
Capella, er the Gt é ĩñł⸗ł2%⅙d9qſeä— 144 574/45 38 
Bright Foot of Oriom moons — — — — — 5 81408 37 
AHiddle Star in O-icn's Belt — — — 3 05 2901 26 
Oricn's Right Sk ralder = — — — I 11455 39107 18 
Auriga s Right Sheulder — — — — 2135 4 44 56 
Bright Foct of Gemini — — — 12 6 19116 38 
Sri as, or the great Lig» — con 7 4:34 5 32116 20 
Caſtor, or Apollo- — — — ä — 217 16132 29 
Precy n, the Little Dog¶ꝛ wo ü — 27 24495. 37 
PFollux or Hercules . —.— [27 2528 46 
South Arm of the Cray — — — lng  go[ 13 48 
Hydra s Heart — — — — 110 9 i. 10 

I you#s Heart, er Baſilick —— —ę . ̃— 1 jog 5113 36 
The Lewer of the Pointers - — — — 2 10 4158 03 
The Upper of the Poznters — — _—_—_—— 2 10 43163 22 
Tuns 741!ä⸗ — — — „ 1 12 
__ Upper of the two laſt in o . Great NP e anda 2 [12 Cco[<5 51 
I aft but two in the Great Bear's Tail = — 1. 4197 47 
Virgin Spike — — __ |; 1009 31 
Taſt but one in tbe Great Bear's Tail ——— — 7 Do. 
Laſt in the Great Bear's Tail — — 212 34451 oo 
Dragon's Tail — — — _— — l 2 13 5965 56 
Artaras — — Wraremrncar mores + 1 [14 0220 54 

| South Ballance - ꝛ⁊:äw-wAẽä ¾—.:.— [214 3214 33 
Fore meſt Guard! - !fſáuä⁵³ͤã ĩ —v'— [214 51175 36 

| Bri onteſt of the Crown - — —_ — —— — ũ 2 15 21 27 43 
Biigbteſt! in the Serpents Neck — - —  _ |< 30 
Antares, the Scorpzon's Heart = — cc 11186 1: 46 
Hlead of Hercule yl —— | 17 o2|14 45 
 Ophincas, or Jer pent's — — 317 42212 48 
Iyre, or the Harp — . — 4 85 I 18 27 38 33 
Vuʒture, or Eagles Heart — — 12 19 3408 * 


FFS . . 


I Table of Fixed Stars. 


225 
— . chr 3 8 
Swan's Tal ——-.:.küĩ—— 20 30a 05 N 
Moab of Pega eee e e ee ee, 2708 19 7 

5 Fome atk — VVV 1 22 41 1 5 I 
Marchab, or Pegaſus — — 4. 49413 28 N 
Shear, or Pegaſis TE —— . 4 30% 30 N 
Cepbus's Kuee . VVV 

| Andromeda's Head =— _— — —̃ Hͤ4ë 23 7 28 N 
End of Pegaſus Wing —— —— 20N 


Fea ea ul 4 of 9 (56-8 
Explanation and Uſe of the TABLE of the Sun's Rigbt Aſcenſion ; and of the Table 
The T We of the Star's Rig hi Aſcenſion and e 4 9 f FORE 
N the Table of the Sun's Right Aſcenſion, the firſt Page contains the firſt fix 
1 Months of the Lear; the next Page the other ſix Months. At the Head of 


the Table are the Months; in the firſt Column towards the Left Hand are 
the Days of the Month, and in the oppoſite Column is the Right Aſcenſion in 


Hours and Minutes. 1 

In the Table of the Fixed Stars, there are four Columns ; in the firſt towards 
the Left Hand are the Names of the Stars; the ſecond the Stars Magnitude ; 
ia the third the Right Aſcenſion in Hours and Minutes; in the 4th, their De- 
clination in Degrees and Minutes; N. or S. J 

Firſt to find the Time of the Stars coming upon the Meridian. 

| The Rule. Look the Right Aſcenfion of the Sun and Star, and ſubtract the 
Right Aſcenſion of the Sun from the RightAſcenſion of the Star, but if the Star's 
| Right Aſcenfion be leſs than the Sun's add thereto 24 hours, and then ſubtract; 


the Remainder after SubtraCtion, is the Time of the Star's coming upon the Me- 


W ridian from Noon: But if the Remainder exceed 12 Hours, ſubtract 12 Hours 


' therefrom, and then the Remainder is the Time from Midnight 
Erample 1. Suppoſe the Tims that Fomelbaut comes upon the Meridian on the 
loth of Offober were required. | 3 J 8 
l find in the Table the Star's Right Aſcenſion to be 22 hours 41 min. and the 
Sun's to be 13 hours 42 min. which ſubtracted from the Star's Right Aſcenſion, 
leaves 8 hours, 59 min. the Time of the Star's coming upon the Meridian, Al- 
ternoon. 555 5 ps VVV 
Fxecondly, The time being given, to find what Star will come to the Meridian 
JJ SE OS 009 ES 
Tb Rule. To the Sun's Right Aſcenſion, add the time from Noon, at which 
the Star's coming to the Meridian is deſired; the Sum is the Right Aſcenſion 


| of the Kar that will come to the Meridian at that Time; with which enter the 


Table of the Star's Right Aſcenſion and Declination, where look what Star's 
Right Aſcenſion agrees with theRight Aſcenſion before found, or neareſt thereto, 


| and that is the Star ſought for, 


Example. Suppoſe March the 27th, I defire to know what Star will come upon 
the Meridian about 8 at Night? F i TO 
The Su»'s Right Aſcenſion is 1 hour 4 minutes: the Time from Noon is 8 
hours, which added to the Sun's Right Aſcenfion, makes 9 hours 4 mitutes : 
the neareſt in the Table is Hydra's Heart, whoſe Right Aſcenſion is 9 hours 12 
minutes, and there fore Souths at 8 Ron 8 minutes, and ſo in others. | 
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| A Table of the Lhd and 8 of the Principal Haas: 
Headlands, and Iflands in the World; Corrected by the late} 
and beſt CONDO z the Longitude from the Me- 
ridian of D | 
Note, nden the Latitude aud Longitude of an Iland is given, th, 
4 middle 7 the aud is meant, * Jome Particular Part of it be 
| Places Name * 1 peg E Places Names K gs Tag 
* 2 85 * * Shetland d. point — E 52 201 30 £ 
The C. of Eogiand ” OS Buchaneſs — — [57 55 {ot 108 
RErwick — 1 or Aberdeen ——— [57 24 Cor 3 f 
Newcaſtle ——|54 58 or zo WM Dundee — 66 30 [02 365 
Stockton —— — 54 33 lot 25W Edenburgh -- T5 57 102 £ 
5 1 urn 8 5335 oo 2435 ; The Toa of t Ireland. 
JLArmMouth — 352 45 {OI 40. | | 
LONDON 51 32 00 do- uolin — „5 20 07 T | 
North Foreland —[51 28 or IoE\; 22 vt 
E ——|50 43 0 2 5E. C 3 bay 07 £107 2% 
Dunnoſe Iſle Wight 50 38 Kol Cape Olea 2 
Portland o 30 f. 02 48 C car 51 10710 30 f 
- . Limrick ——— [52 22 Co 488 
Start Point 50 O E 45 1 | 
Lizard — comme % 05 1 [Galway — —— [53 10870 0;%, 
| T7335 03 50- Sline Head = - [52 20811 156 
Lands end 50 06 f 05 do, Ronda e E 
St Mary 's Scilly — 49 57 05 45 A ondor.-derry. N 34 35 10 00 0 
IHartland Point e 14 06 04 35 as eee — 154 36 o 50 
[Lundy Ifle 51 20 [04 40 K The Coaſt of Holland and Flanders 
| [Briſtol -———— 51 32 [oz 35 [Scaw — 3 * 
[St David's Head = 55 los 225 Helighland - WH 28 0 . 
FIBarſey Iſle — 52 46 |04 58 8 Hamborough 53 41 f 24 | 
_ [Holy-head - 53 23 [04 40 [Emden 53055 o8 00 f 
Lirerpool — =; 20 [02 58 [The Fly —— — 53 15 8078 
4 White Haven tabs 25 03 15 The Texel —— 53 10 fo 59 8 
£ — ae 54 45 {oz 4 Amſterdam x-; 52 218 = oa 5105 
"The Coaſt of Scotland — be Brill —— 51 55 a4 21 4 
— — 55 55 2 TT e Brill =——ſ; 560 4102] 
IN part of Sky 7. 57 505 5 21 reg ee - 4 1 
N. part of Lewis Ifle[58 20 285 138 e e eee eee FO-FF 
1: Ida 58 oa Fro o; c The Coaſt of France and Portugal | 
Na 17 55 58 23 2 5 0508, eee — | 49 7 01 5 
Northermoſt Iſles ape de Hague — 49 45 N ſoz 0 
e 59 13 6P3 30 f. We III Cube 
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Latitude Longit. 2 
Places Names + 80 8 Nawes [Larirude, 1 
Caskets —— ——— 49 50 [02 32 Athens — — 58 OOo 24 29 
Guernſey >— — [49 36 02 40 |Cape Martelo $ 9 | 
[Morlaix 48 37 [03 50 of of Negropane Þ . 
Uſhant . 48 30 Jos og Cape Monte Sancto 
Breſt 148 23 04 24 Gallipoli 1 
 [Penmark —— 47 48 o4 15 Conſtantinople 5 
Bell Iſle — 47 20 ſũos 10 Swirna — — 
[Nantz — — 4 14 01 49 4 Epheſus E 
Illand Dieu 46 40 8 0 152 Antiochetta— 
lſland Ree — 146 13 ol 30 — DScanderoon 3 
| [Rochel ————|45 10 C 148 ri pol 
| [Bourdeaux 44 502 2.9 24%, Alexandria mm 
= [Bilboz —-—|4; 30 8 03 008 Cape Ruſato =——. 
 |Cpe Ortega! 44 Oz "I 05 40 © a | Cape Miſorato — 
| Ca pe Finiſter 43 06 [ig 00 Tripoli 
port a Port 41 18 ſog 20 Ca pe Bona 
Burlings — — 39 39 110 25 Bona = a> — — 
Rock of Lisbon — [28 54 [rg 20 [Algier —————]: 
Cape St Vincent — by 06 fog 32 Cape de Tres Forcas 
(Cadiz 36 26 [06 06 Tetuan— — |; 
Cape Trefalger —|26 10 Jos 56 Seuta 
The Coaſt on the Main Continent Er. Rs — 
. within the Straits. 1 Alaude within the Straits 5 
a Abralter — ¹t 07 T3W A ED 36 10 . 03 oo WI 
[Cape de Gat -—— [37 03 10 33 WFormentaria 38 44 lor 3 is 
Cape paul 337 58 0 IoW Ivica [3905 ol3o | 
Cape Martin 39 00 [00 28 Majorca City 39 48 2 491 
Barcelona 41 30 oz 21 Port Maon Minorca 40 02 [94 7 on 
Marſelleis 43 20 % 15 Gallitta 137 40 [08 34 
[Toulon — —} 06 {05 40 [Sardinia South end 39 12 > 0B 34 
| [Genoa — — [44 25. [09 40 Corſica North end [42 57 > 109 45 
Leghorn —— —— 43 18 % 29 Gorgonia » — 3 343. 09 38 8 
Rome —— 41 518 * 28 E Capraia —— [43 06 00 40 C 
Naples — — 41 05 4 28 > Lilboa — 14; 44 2. 10 058k. 
| Gb. Spartavento — 38 00 16 11 %J Meflina : — — 38 22 5 15 4508. 
e Gollone — 39 TENTS 16.8 Maritimo — 38 12 F{11 5881 
— 0 allipoli — — 40 o8 E 18 055 2 [Cape Paſſlaro —— [36 48 [15 o8 8. 
(Cape St Mary 9 56 6418 31 Malta — 36 10 14 49 
| | Ancona 8 43 31 14 30 Corfu — — 2 0 45 20 42 5 1 
I Venice — — 45 18 13 10 Chetalonia 138 15 121 49 + 
[[.epant0 ——— — 38 20 [21 55 |Zant . — 747 [22.10 
| [Cape Matapan —136 35 [22 20 [Mondon on Morea 436 52 |:1 32 | 
7 os . —36 41 123 20 Lemnos 59 50 25 1 1 
N | | 5 E e | Sci 1 


14220 1 Table of Latitude and Lonorude. * , . 


EY i 5 It. : 
| ; „ Names. d. 2 1 Places Names 1 2 git. 
| ä : - m. d. m. 
[Cape St John Weſt a ho E — Loads — Fan's 
ö end of Candy 35 20 3 23 275 — 28 5 18. 17 
end of Candy 35 255 26 3188 Tenariff — 28 8,117 268 

e eee 20 #16 45 * 


| Rhodes City —— 436 
1 = — 2 40 8028 co Made a W 1 
| [Eaſt end of Corres g 21 31 33 8 E 
— 5 Er us 125 35 24 25 Canaria 32 2 
e Coat of Barbary ard Guiney. eee — "Ia; A* 22 : 
Ah 13 24 


Cape S arte] . WR | 
ale r 65 1 5 Fe | ancerota 28 32 12 5 
9 ——ů RARE: +8 ” 8 TI Cape e de \ Verde [lands — 
8 Cape B jidor— 26 12 14 30 St Euei * 16 36. 25 10 
Cape Olerado — 23 41 15 50 £18 Ni * — — 116 45 2 24 8 I, 
Cape Blanco — 20 2: — —— 16 40 3 558 
Tenegal 15 1 16 55 uh Brava — {1 — 3 24 222 | 
— — 3 1 455 4 7 
Cape Fes 14 20 13 2005 = 14 4 14 7 | 
de r — > 36.3 2 N — 16 8% | - # 
| Cape 6 4 03 Y 5 26 onaviſta — — 16 05 | 121 55 
Jaque Jaque —.— 4 16=|2 30 . Southern Iſlands, — 
— ah 415 El 10 St Mathews - r = i 
Cape 3 Points —— 4 13 Aſcenſio x 7 3 559 
s 3 A* TA 8 108 12 V 
River Volto 5 40 5 |St Helle na 116 65 Ju” 
Kiver N —1 7 0 3 a” Farnandepo 2 2 = N 5 40 | 
[Dape Formoſa ——| 4 40 7 49 [Princeps bn  35N[11 5510 
New Callabac © 8 O P I 25N[11 of 
{New Callabar —— | 4 12 |; »: St Thomas 8 85 
{New lber. 18 |'* 27 Aunabona—.—.— 1 228 9 8 
[River Camerones— 4 2 11 32 F 81228 
River de Angra 0 49 13 108 he Coaſt of t he Mair Conti — | 
| 1 — 1 5 5 2 R1- B e Tak Indies WR 
| [River Congo 5 45 216 = Cape Bona Eſperance [34 25 S117 25 
/ Angola — ů ů — 8 4 8 | 56 Fleehe Lagulus — 35 35 8118 40 bi 
[Cape St Thomas —— [22 108 * * Moſambique [is 5 840 39 
| Secos — — DE 56 5 15 32 ok de Fuges —| 0... C=[4L 15 * 
— E ſperance 54 25 lip 25 A 33 Ss» WP] 
; Weſtern Iſlands Derr — 3 
a © | — a0 5 2 29 5 5 cape Muca * | * 2055 755 | 
E 405 29 3 1 f 3 58 | 
| yal e 38 $3 5127 16 er BS ——_ - | 29 2506 | 
. 38 568 26 10 8 Calecute . 
Ferceara —ñññ cou 38 538 2 . 42. Cochin 8 i L 117 5 > £9 
t Michael! 38 o 6.122 328 = Cape Comarine — : 182 78 4 7 
calls 37 O 122 1299 > (Fort St Georg —l13 's 81 42 \ 
| | | 2 | Des 
** — 0 


a 4 — — — — 


1 ' A Table of «1 Tatitude 2 TLongrtude _ | 221. 


2 Latitude Longit. | Latitude|L,ovgit, 
Places Names 8 m. d. m. Places Names d | d. m. 


W [Java Eaſt ena . 55 | 
— —' 7 0 82 05 358112 27 
ee. 8 e be Ely 1 
— , 10 27 
—— 2 2 ls t 49 NBande 5 — 1480112 52 
Negrais ——— 16 22 2 o5 Pandy Iſſes o5 8126 37 
Cape Negrals ———16 218 101 20 f cele bes South end 00 177 27 
iam 1 10 101 Ota North end 01 40 | 2t 2 
| [cambedia Entrance [10 30 f 105 20 S Nindano Weſt point=j06 30 118 35 * 
ochin ———— — 18 25 f 103 588 . Boinco North point — 07 10,1112 458 


th „20.5088 
Cantam 23 30 8113 1 Lucene 4 xf . point 12 308 8 


opt or Quemoy -— 24 38 116 55 point [15 35 51/19 181 
0 88 6 . 
PF 
= Nangui —— . my | | 
' Iſlands in 1 the Eat Indies — kormoſa J N. 3 3 2 35 43 4 
Naqdagaſc. or S. end [26 05 | 46 20 Pig i 5 725 326 5 
3 iſcadore I ſles . 23 30 17 35 
|t Laurence 5 N. end 12 10 50 10 fand Chuſan ——. 30 38 12035 
pp. HS Lu. point 39 50 [135 15 
„ 30 AP 15 W.pomieg-0 jies-55 | 
mer D 
| | . K Toa Torf America in ths South Sea | 
oY - Met 3 oy 85 8 — + __ from Callitornja to Cape Horn ; 
[oigoRoyes —<—< [19 45 F. 61 25 [expe ot abamn—"ſaz 40 29 77 
[Romiras de Caltelamos|2g 05 f.] 65 55 8 St Luca ————|22 25 £ 11 $0 
\mſterdam -———_—_— 329 588174 24 res ee ena — 0 nes 30 
St Brandon — 6 38 | 64 30 Aquapulcoo -- 7 o =j19 28. 
| [Digo Gratioſa 8 42 | 69 05 [Aquatulzo ——— 27 I i 
Juabella —-—- —— 3 49 2 39 5 eee — 18 285 K * 
3 (eg . — 5 8. Us bas IIS | : 50 85 3 7 
| NET: 1 To 97 Hs 85 A lands of Gallopega 10 Os! 90 10 os 
3 a ivia y end lor oo | 76 $68 CAPs 2 Agujo— 2 SE) 
r 28 2 7 27 Aries — — —118 12 8 74 10 2 
= 2 8 ta "4 25 wy La Serena == — a — 14 407 70 32 8. 
Ur — 1 — | * | | = 0 
[ape Gallo in eden 06 07 80 45 land Juan Fernando 33 2254 86 48 
us de Amber co oo 52 30 8 — 44 35 8 3 25 * 
Anda mn — z oog 91 25 ort SLEVEN $2. 50 32 30 
= dumatra N W. end = 28 93 45 Cape Horn — — 157 5 79 1 
I bg Pon 22 4 07 | lhe Coaltot Brazile in South Ameri-a, 
Naſſau Iſland =—— 2 44 98 32 [ from Cape Horn to Cape Roque | 
Bencola —— —— 03 50 8/101 43 len E. entrance 51 58 85 75 305 
2 3 SE, end =— [05 42 5.1104 O04 [River Julian ———— 43 40 S| 74 3224 
 JENgANO wenn — s 40.1109 53 [Cape Blanco near . 
Selam — — 68 20 8 102 13 [River Camarones 46 50 7 5 81 
[Princes Iſland — 6 30 21104 02 Buenos Aires R. Plata [36 10 8 57 300 
| (Bantam on Java ——_ 47 2105 11 [River Grand „ 


1 37 1106 27 |St Katharine 28 O 8 47 8 
a RE A ld A EL 6 CLAIRE a hea ES AGE Bas —wo 
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_ 222 e TA of Catitage and A 
WM r Nias | 8 ＋ Places Names u g 1 
= Tape Frio ie 1. 42 «6 [Port Royal in Jamaica 18 O5 2177 035 
; 5 Nan o 10 «3,142 co 2 Eaſt end of Cuba — 20 20 8 24 05 Q 
. point Segura -. 116 22 8 2ſ½ů0 58 Offlaran — 22 50 & 183 zot 
| Bay Todos Sanctus —|13 oo = 10 35 Bay of Hondy —— 22,352 A 184 40.5 
| River St Franciſco ={10 55 37 468 (Cape St Antonia ——'21 50 S|86 328 
BM [Cape St Anguſtine —] 3 05 2 2135 388. Bahama Iflands 8 
[Cape Reque ————| 5 028135 526 Bermudas 32 30 fer 30 
; _ [Triſtan de Cunha——j27 05 a 15 38 Bahama Bark N. point[z8 22 78 16 |. 
: | "rinicada -—- — {29 30 [39 00 Bahama Il nd —— 27 05 78 58 
4 Ihe Coait of theMain Continent in Abacco South Poirt [25 50 [77 20 
f | the Weſt Indies. {Harbour Iſland ——|2s 40 76 35 
K. Amazores Entrance] © 5 J19 © Androſs North Point 25 15 [79 00 
North Cape — 2 5 6 55 Providence 25 c 77 45 
Surinam 6 o 6s 35 Illathera South point [24 30 76 12 
[Ororcque 3 8 15,7 59 0 <|- at Ifland —— — 24 25 75 20 


8 Coquibaca— 12 50.5 200 40 2 Wat ing Iſland. er 24 07 2 74 50 8 


O 
Cartagena — 10 1 50 Rum Key = 23 458.075 05 of 
bots Settlement 8 30 808-45 g [Exuma 23 25-176 0 
Nicarague Entrance=|11 15 2485 5X Crooked Ifle N. poirt 23 03 874 0 
Cape Catocha — 2 22 = [00 55 I Atkins Key 22 COr 74 152 
Campeche — — 19 20143 55 8 [Mera pervouz j— —- 21 57 8174 48 
La Vera Cruz —— [19 Is N25 Atwoods Key- 23 09 73 30 
Efeondide 28 20 {9 o french Ke) ——— 2 40 173 35 | 
. pe EI 2 — 24 48 81 65 Maya gUana woo — 22 35 73 0% 
1 Ii be Caribbe Iflards 0 ne — eee eee ee 
[Tinidada io 05 60 05 | Jans „ 57 |73 20 
; 3 dE . 8 69 4. n "Bank N. + poin ein $0: j74 38-1: 
15 Gramd 12 07 60 20 Turks Iſland 21 35 170 08 


Abrolho North ue 21 40 |68 40 


Bat badoes [3 10 58 03 f plate wrack— 20 30 8 10 


St. Vincent — 13 12 69 22 
Ist Lucia. — 13 52 59 17 The Coat of Carolina, Virgina, | 
3 K lard, 
INartinico —ſi4 48 68 25 Maryland, Penſilvania, Nt ew * 
IDominico 115 35 658 27 and ee eee | Es: | 
/ |Marigalante =——ſi 33 55 20 Charles 1 own __ Oy OO op 
Monſerat 16 40 359 35 Cape Hateras 35 10 [74 1 
| [Antegon 117 oe 21 Cape Henry —— [37 co [7439 | 
[Nevis —= —.——|17 oe 18g [Cape Charles —— 37 14174 15 


Ist Cbriſtophers 117 22 2.160 35 2 7 Cape Einloper — LAS. 73 25 7 5 
Barbadu 17 4385 25 Long Iſl andi —. 40 50 57 40 n 
St Bartholomew F. 7 548060 45 ; [New York m———}; 0 72 5 
$7 Martin —— 8 o (62 49 Cape cod — 42 10 8%7 45] 
| 1 18 13 [eo 55 Boſton ————— 42 3J 868 595] 


St ' "RY — 17 38 162 25 Iſland Sable 44 30 59 | 
Bieque . — 18 00 [63 15 [Cape Britain —— (46 20 159 15 | 
Porto Rico St _ 13,33 |64 20 [Quebeck—— 7135 168 10 
Ist Domingo Hiſpan. |1$ 15 168 50 [Bay of Breſt —— 
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Lacicude L. ongit 
Latitude Longit. | 118 
1 Whales Head, — 7 18 21 30 
land 52 5 54 IQ 8 1 
2 5 John $0 - 9-152. 35. [EPe ns „ 


- 32 Cherry or Bear Iſland 17 
Cape Bonaviſta N 1 5 Idwienlt) Ifland —— ” . 59 8 
Trinity Bay 48 27 272 15 Eretum Borrough — 59 55 62 5 
1 47 532152 © Cape Candenoſe —— 09 27 42 30 2 | 
st John's Harbour — 447 18 8 51 dee — 55 422 145 
3 vt Bak.” 2:0 2 [Archangel Bar —— % 58.35 2084 
{Cape Raze. 46 30 It bs Soto Thandie... 0 % 
Cape St Mary 8 47 e Sweetnoſe eos — 53 5 34 
TREE eo eee 8 0 Kilduyn =— . [5g 32830 15 8 
Cape Roy ——— 448 21 57 Nord cape 
| The Coaſts of Hodſon's Bay and Straits ZB 15 40 
Buttons iſle 60 5 5⁵ $90.11 yomfoundg oo 70 18 6 
Cape Charles [22 35 75 20 [Loefort S. W. point [57 47 35 
Cape Walting ham — 5 23 15 77 40 Drorton — — 4 0 ho 4 
Mansfield Ille 362 20 0 50 stadland . ry ö 8 
Cape Jones — 510 3 in _[North-bergen --—— 0 16 5 40 
Ruperts River —— 1 16 29 55 Naze of Norway 
| Albany River — — 52 32 84 7 2 
The Cubbs—— 64 1 


S | 3 
14 15 5 32 0 7 Sea Coaſt in the Sound DES 
Cape Harrietta Maria os 5 F134 2 8 and Baltick 285 - „ 
Port Nelf:n 7 32401 47. — — 
Cape Churchi BIN 59 o&ſG2 57 e — Eb $425 19 5 
[Cape Southampton — 51 57 868 30 Chriſtiana ; "0 9% L900. 1 
Shark Point ——64 27 83 20 Ch Ji „ 
: + 27-13 20 Vaefterlend 8 3 ES 
Nottingham Iſle =—|43 38 7% 47 57.99 ii 5 


| | $7. | Gottenberg - 57 23 [12 25 | * 
Q. Ann's Foreland —63 32 73 57 3 . os | 
| [Reſolution Iſle ——_—6r 55 [5; 50 rat $9.00 +112 


Copenhagen 3 

| |Cape Farewell — $9 10 46 35 1 l go a 35 1 
The Coaſt of Iceland, Greenland, Nova Kalmer —m 2 45 * 15 ; 

I Zembla, and Northe ern Iſles. e —— 9 20 7 18 26 K | 
Pound Royal — --— 166 22 (14 15 Wyborg =n—w———_—_—_ 60 205 29 26 © 
_ [Pargazar Point ——446 30 I 


"W172 < Petersberg=— — 5656 
Whales Back — [65 27 10 05 Narve. 


Merchants Forelard 653 20 14 05 a Re vel! 59 00 21:4 


| [Halliford ———64 30 24 15 8 fies —.—.— 
[Fair Foreland —— 65 10 26 458, 


2 [Giitms Ind 66 51 5 


—— 58 39 8028 14 | 


Derwinda — — 57 20 22 
17458 = [Conningsberg 8 55 00 


20 20 

I WWeſtmania Iſles — 63 55 811 8 120 Dantzick—-——— 154-22 -ji9 00.3 

lſies of tero 62 6 5 - Wwisbuy in Gotland |;7 37 18 «0-1 
Beer enberg or John 1 45 8. IJ Bornholm 55 27 4 32 
Mains Iſle— . 3} 2 4 30  Ptrae:found ———— ſc 4s 13 2 
point Look out — 76 40 8116 25 1 54 25 1 os | 
Horn Sound. 77 22 14 20 nut —— 56 42 1 38 |: 
5 Pair Foreland —m—_ 79 18 10 50 Neu — [7 s lo 40 
Haeluits Headland — 79 55 12 O Scaw — 57 26 flo 10 
Itlelies Sound . 579 15 12 508 a 2 p 
Lees Foreland 78 5 | 
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13 Sol 94] 22] 65 1 
11 844 980 26| 70 6 | 
| 15 871980:Þ 300 74 | 
16 Sg Of 34 78 | 
17 . i 
4 $7] 13] 42 87 it 
19 6601 16 46 2 
= 660568 20705007255 
* oz} 24 Fa. 99 
| 22] | ill 271 587303 
23 155 3) gx] os 
44 188 35 65] 12 
27 22] 39] 67% 16 
as 25]. 42] 7 2 
1 29] 46 771 27 
28 311 50] Bi] 29 
29 _381__54| 85] _33 
© 6639]*857]7089| 7338 
31 43 61 3 9Y : ® 
32 47 65] 97] 46 
33 51] 697101 50 
| 34 MH - $4] 7% of 35 
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| 37]- 644 84] 19] 6d 
38 680 87 20 72 
39 71] 810 26] 25 
40 6468] £67516355 7130 738. 
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The Explanation of the preceding Tables. 24 * Þ} 
in each Page there are Eleven Columns; The Firſt ſheweth the Day of the = 
Month, The ſecond the Day of the Week, The third ſome Remarkable Days 
and Southing of ſeveral Stars at Midnight; as you will find againſt Atril the 
fourth, there ſtands, The Laſt in the Great Bear's Tail, which ſhews that the ſaid 
Star comes to the Meridian the fourth of April at Midnight; The fourth 
Column ſhews the Place of the Sun for the firſt Year after Leap-Year, as 
againſt the ſaid fourth of April in the fourth Column, which is under firſt Year, 
Jscu find the Sun's Place in V 25? 25! The fifth Column ſhews the Sun's Dec. for 
the firſt after Leap-year, ſo on the aforeſaid tourth of April under Firſt Year, and 
Dec. you find the Sun's Declination 97 51' North. After the ſame manner un- 
derſtand all the other Columns, where to avoid the trouble of Reckoning whether 
| ++ be Firſt, Second, Third, or Leap-year, you may find the Year at the top of 
| the Table (under the Title of the Month) and under that againſt the Day of 
the Month you have theSun's Place and Declination till Anno 1744; thus July 
1, 1736 the Sun's Place is 199 40“ of Cancer, his Declination 22% 2* North. | 


For the Declination of the Sun out of the Meridian of London. 


Anno 1729, April 11, at Six of the Clock Afternoon, I would know the Sun's 
Declination. The 11th day at Noon, I find it in the Table 12* 16” North; 
and the 72th day 12 367; therefore ſubtracting the lefler Declination 12 167 
out of the greater, 12® 36' ; the Reſidue of 20“ is the daily Increaſe, Then in 
the Table of Variation in Hours, exc. under 6 Hours or go? in the Head, and 
againſt 20” on the Left-hand, I find 5m. the Proportional Part; which (becauſe 
the Hour was Afternoon, and Declination increaſing) added to the fore-found 
12*16' the Sum is 12%? 22 North, the Declination : But if it had been 6 
hours before Noon, viz. at 6 in the Morning the Proportional Part muſt have 
been RR, %%ͤũ, 8 „„ 
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A TABLE of Difference of Latitude and |} 
| Departure to every Point and Quarter. 
| Point of the Compass. 
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25 2 I be Uſe of the Table 
The Uſe of the preceeaing Table of Difference of Lat, and Depurtur, 
His is a large Table, giving the Difference of Latitude and Departure ba 
any Dittance not exceeding 10000, and to every Quarter Point of the 
Compaſs, 8 55 f 

Ihe Courſe ſtands at the Head and Foot of the Table; at the Head it AY 
Lins at 5 Point, ſo 2 Point, 4 Point, increaſing to-4 Points; at the Foot it be. 
gins at 4 Points, ſo 45 Points, 45 Points, increafing backwards to 72 Points 
The Diſtance is placed in the two outermoſt Columns of each Page, under the 
Word Dif. on the Left-hand Page, beginning at 1, and increaſing to 59 : on 
the Right-hand Page, begir ning at 51, and increaſing to 100. The Difference 


%. 


of Latitude and Departure ſtands under the Courſe at the Head of the Table 
and over the Courſe at the Foot thereof, diſtinguiſhed by the words Lat. and Dp, 0 
1. In this Table, it your Diſtance exceeds not 100 Miles or Leagues the Diffe. 
rence of Latitude and Departure will be given in Miles or Leagues, and 10 
Parts of a Mile or League: But it may ſuffice if the Difference of Latitude and 
Departure be taken only to Miles or Leagues, and Tenth Parts of a Mile or 

League, with this Allowance, that if the Parts be 16 or more, inſtead thereof 
ſet down 2 Tenths, (which is 20 Hundred Parts) if 26, or more, 3 Tentbs; 


jf 36, or more, 4 Fenths; if 45, or more, 5 Tenths; if 56, or more, 6 Tenths; 


it 66, or more, J Tenths; if 36, or more, 8 Tenths; if 86, or more, 9 Tentlis; 
it 96, or more, then make the Miles or Leagues of Difference ot Latitude ot 
Departure, x more than they are in the Table: As for Inſtance, inſtead of 19 
16, ſet down 192 Tenths; for 27-27 place 29.3 ; for 49.59, place 49.6; for 
52.78, place 32.8; for 76 96, place 77; for 78.96, place 39 Miles or Leagues. 
2. If the Diſtance be above 100, and nat exceeding. 1000, this Table gives 
the Difference of Latitude and Departure in Miles or Leagues, and Tenth Parts, 
being taken out at twice. „ . 
3. If the Diſtance be more than 1000, and exceeds not 10000, the Diffe- 
rence of Latitude and Departure is given in Miles or Leagues, as ſhall be 
explained by what follows. %%% ( 
This Table is very uſcful in the reſolving theſe 6 Problems in Navigation fol- 
lowing; provided, in the 5 laſt Problems, the Diſtance either given or required 
- exceeds not: tho dies or Leaguer: gn) x ß nn 
Problem I. The Courſe and Diftance given; to find the Difference of Latitude and 
GEES Ge a or ER 
Example 1. 4 Ship fails VS half W. 50 Miles; to find the Difference of La. 
e e ,,,, , 
On the Left-hand Page of the Table, over 63 Points, and right againſt 50 
Miles diſtance, you Will, find over the Word Lat. 14-51, and over Dep. 47.855 
which being cuntrated according to the firſt Rule foregoing, ſhews your Diff. 
of Lat. to be 14.5 Tenths, and your Departure 475-8 Tenths, as was required. 
Example 2. 4 Ship ſails E. by N half Eaft, 125 Miles; to find the Difference 5 
eee e,, 
This muſt be taken out of the Table at twice, after this following, manner. 


The Uſe of the Table. 253 | 
Jo perform this, you may account 1 at the Beginning of the Table to be 
10: and 2 to be 20; 3, 30; 44403 5, 50: And ſo 10 to be 100; If, 110; 
12, 1203 and 20 to be 2003 30, 300; 40, 400; 50, 500 ; 60, 600; 70, 7003 
80, 800; 90, 990 3 and 100 at the End to be 1000. 

According to this Direction, againſt 12 (which ſtands for 120) on the Left- 
hand Page, over 7 7 Points, ſtands 1. 18 over Lat and 11,94 over Dep which 
done, according to the ſecond Rule before given, your Difference of Latitude 
8 11.3, and your Departure 11.94. Then take out the Diff, of Lat. and Dep. 
ſor the Remainder, which is 5, according to the firſt Rule aforegoing, and af- 

| ter the manner of the firſt Example of this Problem; ſo you will find Difference 
of Latitude to be o.5, and your Departure 5.0: This done, ſet them dowa, and 
add them together after this manner. e 


1 „„ - „De 
120 ———— — 118 — — 1104 
5 ——— — 0.5 — — 10 
127 — — 12.3 - 124-4 


do that your Difference of Latitude for the whole Diſtance 12 5 Miles is 12.3 
Tenths, and your Departure 124.4 Tenths. . 
Example 3. 4 Ship ſails NV. by N + Wes 976 Miles; to find the Difference 

of Latitude and Departure R = 5 5 
= Under 34 Points, and againſt 9) (taken for 970) ſtands 7). 9 t and 57.8, 
that is the Difference of Latitude 579.1 Tenth, the Departure 579.8 Tenths: 
againſt 6 ſtands 4.82, and 3.57, that is, the Difference of Latitude 4.8 Tenths 3 
the Departure 3-6 Tenths; which added together, makes the whole Difference 
| of Latitude 783.9, and the Departure 581.4. „ E 
E !xample 4. 4 Ship ſails NE, by N. baff E. 9968 Miles; to find the Differ ence 


| of Latitude and Derarture, 


Jo perform this, you muſt account I at the Beginning of the Table to be 100; 
2, to be 200; 3, 300; 4, 400: And fo. 10 to be 1000; ti, to be 1100; 12, 
1200; 13, 1300; 14, 1400: 80 20 to be 2000; 30, 3000; 40, 4000; 50, 
50003 60, 6000; 70, 7000; Bo, 8000; 9D, 9000; and 100, 100000. 
According to this Direction, againſt 79 taken for 9900) and under 4+ Points 
ſtands 610) tor the Difference of Latitude, and 5012 Miles for the Departure, 
according to the third Rule. Then take out the Differences of Latitude and 
Departurt for the Remainder 68, according to the firſt Rule, which you ſhall 
find to be 52.6, and 43.1 fo the whole Difference of Latitude is 6159-6 Miles, 
and the Departure 5055-1 Miles HNr. 
Problem II. The Courſe and Difference of Latitude being given ; le ſmd the Diſtunce 
) on SO Beans on d ĩ edit, 
Example. 4 Ship fails VN. . half Vit, until her DiffereMee of Latitude be 14.5 
Leagues; to find the Diſtance and Departure. 5 JJ qe on bs 
Look over 64 Points the Courſe in the Column of Latitude until you find 
14.5, and fright againſt it you will find the Diſtance 50 Leagues, and the De- 
yarture t 88 85 
Problem III. The Courſe and Departure given; to find the Difference of Latitude 
„ ee ane the Diffarcs, 8 8 Example: 


254 We Uſe of the Table 
Example. 4 Ship ſails SW. by S. J W, until ber Departure be 47. Leaguts . „ 
the D. ener of 5 155 and Diſtance. "I by "5 70 fue 
Look in the Column of Departure, under 33 Points, until you find 
and right againſt it you ſee 52.6 Leagues, for the Difference of Latitude 7 þ 
71 leagues for the Diſtance. 2 . | | » a 
PROB. IV. The Diff of Lat. and Diſtance given; to find the Courſe and Departur, 


Example. 4 Ship ſails 50 leagues berween the South and the Wrſt, until hey Drfferine 


of Latitude be 14.5 leagucs; to find the Courſe and Departure, 
Look over your ſeveral Columns in the Table, until right againſt 50, the 


| Diſtance, you find 14.5 in the Column of Latitude, over the Courſe, which wil 


be 5+ Points; and in the Column of Departure you will find your Departure 
to be 47.8. | 1 


PRO B. V. The Difance and | Departure given, to find the Courſe and Diff. of Latin, 


Example. A Ship ſails do leagues North Webterly, until ber Departure be 53.7 lg. 


to find the Courſe aud Difference of Latitude, IO 
Look over the ſeveral Columns in the Table, until right againſt 80 the Dil. 
tance, you find 53. in the Column of Departure; over it you will ſee 34 Points, 


or N. W. by N 5 W. and the Difference of Latitude (in the Column of Latitude 


right againſt 80) to be 59 3 Leagues. £ EIS 7 
PROB. VI. The Difference of Latitude and Departure being given, to find the Cow; 
5 ä 1555 V 
Example. A Ship ſails between the North and the Eaſt, until her Difference of Latqyy, 

be 56-3 leagues, and her Departure 51.0; to find the Courſe and Diſtance, 
Look over your ſeveral Columns of Latitude and Departure, until you find 
56 3 to ſtand againſt 51.0, or the neareſt thereto, which will be under 34 Points 


which makes the Courſe NE. by N. Z E. and it | ſtands right againſt 76 Leagues 


which is the Diſtance required. „„ Ne 
PROB. VII. How to work a Traverſe by the Tables of Latitude and Departure, 
Theſe Tables in the Working of a Traverſe, are both readier, and far more 


exact, than any Inſtrument commonly uſed for that Purpoſe. 


Example. 4 Ship ſails SW. by S. 37min. then S by E. 39min- then S E. ly S half k. 


Amin. then TW by N. 59min. then W NM. 62min» then SW 5 V. 27min, 10 find the 


Difference of Latitude and Departure, and the dirett Courſe and Diſtance from the fr 


Place. VA 1 5 i. . e 
Set down the ſeveral Courſes and Diſtances, as in the following Table. 
4 eee, 8 fe | North | South 2 Eaſt *F Weſt | 
south Wett by South} 37 "308 1. [736-6 } 
1 -South by Taft . 96-5 7 
, þ 1. $65 }- „„ OR oO 
# Weſt deen cn ... ] ¶ w., 
JPsouth : Weſt half Wetl 7 1 20.2. 
„„ 3 ee 374 | 
— pL. Dep 11193 | 


LY 


mp 2 food * 


| of Latitude and Departure, 25 5 
Then by problem 1, find the Difference of Latitude and Departure for thoſe 
Courſes and Diſtances ſeverally, which place in their proper Colurane, viz. if the 
Courſe be N. Eaſterly, place the Difference of Latitude in the North Column 
(under North the Departure in the Eaſt Column (under Eaſt:) If the Courſe be 
South Eaſterly, place the Difference of Latitude in the South Column, (under 
Horb) and the Departure in the Eaſt Column. If the Courſe be North weſterly, 
place the Difference of Latitude in the North Column, and Departure in the Weſt 
Column. If the Courſe be South Weſterly, place the Difference of Latitude in 
the Scuth Column, and the Departure in the Weſt. * 
As for Inſtance in the foregoing Table, the firſt Courſe is South Weſt by South, 
mꝛe Diſtance 3). Becauſe the Courſe is South Weſterly, you muſt place the Dit- 
ference ot Latitude 30.8 in the South Column, and the Departure 2446 in the 
= Weſt Column, as you ſee in the Table. 5 „ 
Ihe like is to be underſtood of the reſt. Having found the Difference of 
Latitude and Departure for all your ſeveral Courſes, and inſerted them in their 
proper Columns, you muſt then add up your North, South, Eaft, and Weſt Columns 
| Elly, and ſubtract the North and South Columns the leſſet from the great- 
er; and likewiſe the Eaſt and Weſt Columns. So in the Table, the Sum of the 
North Column is 35-2, of the South Colamn is 122.4, of the Eaſt Column 
| 37,4, and of the Weſt Column 156.7; ſubtracting the North Column from the 
E South, the Remainder is $9.2, the Difference of Latitude Southerly ; and ſub- 
tracting the Eaſt Column from the Weſt, the Remainder 119.3, is the De- 
| parture Weſterly, 1 „„ %% 
Having the Difference of Latitude and Departure, yuu may find the Courſe and 
Diſtance by Prob. 6. But in this Example, Becauſe the Difference of Latitude 
87.2, and your Departure, 119 3, out-run the Table, that is to ſay, you can find 
no ſuch Numbers in the Table, therefore take the half of your Difference of La- 
titude, which is 42.4, and the half of your Departure, which is 59-6, According 
to the Direction in the ſixth Problem, over 44 Points, againſt 44-1, in the Column 
| of Latitude, you-will find 59 4 in the Column of Departure, which are the two 
neareſt Numbers in the Table, and in the Column of the Diſtance 94, which be- 
ing doubled, is 148, the Diſtance ſought. The Courſe is between the South and 
the Weſt, becauſe the Difference of Latitude is Southerly, and Departure Weſt- 
| erly, therefore the Courſe is South Weſt 3 Weſt, which was required. 5 
But one of the principal Uſes of this Table is to determine the Difference of 
Longitude in daily Reckonings, by having the two Latitudes and Departure gi- 
ven, which it performs with all deſirable Facility, and is allo very uſeful for the 
ealy forming ot a See- Reckoning or Journal, as ſhall be inſtanced in this following 
Table, being a Journal from the Lizard to Barbadoes, n. 
4A Journal of our Voyage, intended by God's Permiſſion, from the Lizard in Lat 494d. 
55 min. North, Longitiede Weſt from London 05 deg, 14 min. to the [land 5 
Barbadoes, in Latit- 1 3 deg. 10 min. North, and Longitude from London, 58 
| deg, 3 min, Welt, The Difference „ 52 deg. 49 min. | The Courſe South 
| 49 deg, 53 min. Welt, or & . + Weſt fere. The Diffance 3422 Miles, The Lizard 
| bears North diffant 25 Miles, March 22, . e 


Daus 


— 
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Example. 4 Ship fails SW. by S. 5 V, until ber Departure be 47. Leaguts . 
the D. fre. of Kr aud Diſtance. by * 5 70 find 
Look in the Column of Departure, under 33 Points, until you find . 
and right againſt it you ſee 52.6 Leagues, for the Difference of Latitude 15 

71 leagues for the Diſtance. | e 


PROB. IV. The Dif of Lat. and Diſtance given ; to find the Courſe aud Departur, 


Example. A Ship ſails 50 leagues berween the South and the Weſt, until her Differ 
„f Latitude be 14.5 leagucs; to find the Courſe and Departure, a 
Look over your ſeveral Columns in the Table, until right againſt 56 th 
Diſtance, you find 14.5 in the Column of Latitude, over the Courle, which ai 
be 5+ Points; and in the Column of Departure you will find your Departurt 

to be 47.8. + EN. = 9 5 | 


PROB. V. The Diftance and Departure given, to find the Courſe and Diff of Latitud, 


Exam ple. A Ship ſails 80 leagues Norch Weſterly, until ber Departure be 53. lh. 
5 to find the Courſe and Difference TLC * 
Look over the ſeveral Columns in the Table, until right againſt 80 the Dir. 

tance, you find 53.7 in the Column of Departure; over it you will ſee 31 Point; 

or N. W. by N 4 W. and the Difference of Latitude (in the Column of Latitude | 


right againſt 80) to be 59.3 PTT; ͤ . | 
PRO B. VI. The Difference of Latitude and Departure being given, to find the Con 


5 VVT 
Example. A Ship ſails between the North and the Eaſt, until ber Difference of Latitude 
be 56-3 leagues, and ber Departure 51.0; to find the Courſe and Diſtance, 

Look over your ſeveral Columns of Latitude and Departure, until you find 

56 3 to ſtand againſt 51.0, or the neareſt thereto, which will be under 34 Points, 


Which makes the Courſe NE. by N. 4 E. and it ſtands right againſt 76 Leagues 
Wich ie the Diſtance ein 8 
PROB. VII. How to work a Traverſe by the Tables of Latitude and Departure, 


Theſe Tables in the Working of a Traverſe, are both readier, and far more 
exact, than any Inſtrument commonly uſed for that Purpoſe 
Example. 4 Ship ſails SW. by S. 37min. then & by E. 39min-tbea S E. by S balf E. 


. 47min. then IW by N. 59min. then W NN. 62min» then SW 5 W. 27min, 10 find th 
Difference of Latitude and Departure, and the direł Courſe and Diſtance from tht fiſt 


Set down the ſeveral Courſes and Diſtances, as in the following Table. 


FC | orth | South Eaſt | Weſt | 
south Weſt by South} 37 | 74 6 | 20-6 - 
Twink Iv Ret” 
| SEbyShlfE 4 | | 364 | „% | 

---4 Weſt by North "| 0 / ⁵ ü— - SID fe 

Wen North Welt 5-65 „, ĩ˙ĩ˙ͥ nl. s 
south: Weſt half Weſtl 37 eee 
J ĩðâzv rn "a6 24 37-4 | 1567 | 
Ws CTT MES 


1 


= * eee é x = | - Diff. Lat | * ep 119.3 5 | 


Latitude and Departure. 155 

Then by Problem 1, find the Difference of Latitude and Departure for thoſe 
Courſes and Diſtances leverally, which Place in their proper Columne, viz. if the 
Courſe be N. Eafterly, place the Difference of Latitude in the North Column 
(under North the Departure in the Eaſt Column (under Eaſt :) If the Courſe be 
South Eaſterly, place the Difference of Latitude in the South Column, (under 
Hub) and the Departure in the Eaſt Column, If the Courſe be North weſterly, 
luce the Difference of Latitude in the North Column, and Departure in the Weſt 
Column. If the Courſe be South Weſterly, place the Difference of Latitude in 


dhe Scuth Column, and the Departure in the Weſt, 


As for Inſtance in the foregoing Table, the firſt Courſe is South Weſt by South, 
the Diſtance 37. Becauſe the Courſe is South Weſterly, you muſt place the Dit- 
| ference of Latitude 30.8 in the South Column, and the Departure 24-6 in the 
| Weſt Column, as you ſee in the Table. . 5 5 
The like is to be underſtood of the reſt. Having found the Difference of 
Latitude and Departure for all your ſeveral Courſes, and inſerted them in their 
| proper Columns, you muſt then add up your North, South, Eaſt, and WW: Columns 

E eerally, and ſubtract the North and South Columns the leſſet from the great- 
er; and likewiſe the Eaſt and Weſt Columns. So in the Table, the Sum of the 
North Column is 35.2, of the South Coltmn is 122.4, of the Eaſt Column 
37.4, and of the Weſt Column 156.7; ſubtracting the North Column from the 
| South, the Remainder is 57.2, the Difference of Latitude Southerly ; and ſub- 
| trafting the Eaſt Column from the Weſt, the Remainder 119.3, is the De- 
„% ß oy ; 
Having the Difference of Latitude and Departure, yuu may find the Courſe and 
Diſtance by Prob. 6. But in this Example, Becauſe the Difference of Latitude 
87.2, and your Departure, 119 3, out- run the Table, that is to ſay, you can find 
no ſuch Numbers in the Table, therefore take the half of your Difference of La- 
| titude, which is 43.6, and the half of your Departure, which is 59-6, According 
| to the Direction in the ſixth Problem, over 44 Points, againſt 44-1, in the Column 
of Latitude, you-will find 59 4 in the Column of Departure, which are the two 
neareſt Numbers in the Table, and in the Column of the Diſtance 94, which be- .. 
ing doubled, is 148, the Diſtance ſought. The Courſe is between the South and 
the Weſt, becauſe the Difference of Latitude is Southerly, and Departure Welt- 
erly, therefore the Courſe is South Weſt 3 Weſt, which was requires. 

But one of the principal Uſes of this Table is to determine the Difference of 
Longitude in daily Reckonings, by having the two Latitudes and Departure gi- | 
ven, which it performs with all deſirable Facility, aad is allo very uſeful for the 
eaſy forming of a See- Reckoning or Journal, as ſhall be inſtanced in this following. 
Table, being a Journal from the Lizard to Barbadoes, © ds 
4 Journal of our Voyage, intended by God's Permiſſion, from the Lizard in Lat 49 d. 
min. North, Longitude Weſt from London 05 deg, 14 min. to the Iſland of 

Barbadoes, in Latit. 13 dep: 10 min. North, and Longitude from London, 58 

deg, 3 min, Welt, The Difference „ 52 deg. 49 min. The Courſe South 

49 deg. 53 min. Weit, or & V. 2 7 eſt fere. The Diftance 3422 Miles, The Lizard 


2 


bears North aiftant 25 Miles, March 22, 1720 
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Dil.| Zz. Sou- Falt- Welt Len de Eaſt Wel 
in S jthing ing. 
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276 
18 Month [The Courſe 
and Lat Corrected 
by Ob. ____ [mn] 
Mark. Tizard South 25 25. 
South Welt 112 79-2 
79 oo SW by 8 W 7555 55.6 
Wis Correction by Obſl. 13.0 1 
e JSWb by 8 96] _ 79.8 __ 
24 JV. by "6 3 79. 1 6547 


27442 1 S W T by S138 _[114-6 
SS 8 


—WSW 3 18 is 
BE "2 "Pl by 2 9 55 2 - 
1290 701 South by W 120 o_ 11774 3 
7 Correction by Ob Ob 3 | 24 10 Ny dhe 
W wie meg. 5 


| Ti +: & \ 6, TW et bf. Fes 47.9 2 Fr My 
| 6.29 37 Dd SW | INS * 115.5 8 2 9 29.37. — — 


T5 "|S W bys 110 91413 ee . 
PS —|SW byS 122 101.4 2 678 828 25 
I | 924 4 South 1 Welt. 116 | 82025 3 
. a; ah” Correction by Odd. | 20.0 11.924 43 
South .Weſt | 97] | 68.6123 3: 34 
ATE South Weſt | 95 = 7. 67:9] 22 25 a8 f 
5 5 a -Souch Welt 11 140 60 80.6 1 35 2133 | 
7, —— [Sach Weſt 118| | 83.5]__ | 83-519 41__ 
3 W by W. 110) _ 


noone ee 510 42 args 3 +] $471 18 5 Aae 


[ * ö | | = 2 | 33 111 ſb 8 113-4 
| | 4 * : ; | ; P ** : ; P | * | + ö * fy % ; : ; 
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af — How to keep a Journal at Sea. : 5 $ 
7 5 if. Sou- Eaſt - Weſt- Lat. by Eaſt Weſt- 
A1 eg in [Zing ing ing. reckon Lon. Long. 

: by Obl. min. SI min min. min. D. . min. mip. 
— 1730 Brought from hy Set ſide. | [ESL 8 
Io April | _W.S. W 2-| T 
7 eee W. 8. W. 84 3 . 77.5 . 81. 
1 d e 103.7 
5 N. S. 3 . — 2215 37 | 990 
0 IJ 34 W. S. W. 116 __ 444 —— 2 inne 
1 (Correction by Obſ. 10.0% 15.9.1443 _ 16.0 
V. by S. 11 [215 1889 41 — 113.6 
—ÆY nol ang lane 30 e 
STS 0 167 - OLIN [ops 
24 FIDE, Ws By 8... e 1 981113 17 | 100.8 
|__| _V.bysS. 120 23.4 122-7 [ 120.) 
b N. ee ie | 100.7 
27 |__Weſt 30 5 TEE [130 013 I3} [133.3 
EE 

2 = Weſt 5 South 67 "73 : 670 v3 IG 4 Ws 


The whole Difference of Longitude is 3165.9 in, which is 
9855 e | 52 deg. 49 min. Weſterly | | . 


Th 8 Explanation of this Journal. 


In this Journal there are Ele ven Columns; The firſt contains the Days of the 
Month; the ſecond the Month of the Year, and Latitude by Obſervation; the 
Third the Courſe corrected, by the allowance for Lee-uay, or for the Variation of 
the Compaſs, if there be any; the fourth the Diſtance ſailed; the fifth, fixth, ſeventh, 
and eight, the Northing, Southing, Eaſting, and Weſtizg, being the Difference of 
Latitude and Departure of the ſeveral Courſes and Dances; the ninth, the Lati- 
tude by Dead Reckoning; the tenth the Eaſt Diff. Longitude ; the eleventh, the 
lere I would adviſe all that are deſirous to give a good Account of their Rec- 
koning, to any that have Reaſon or Authority to demand it, That they keep a 
particular Account of that which they take off the Log Board every Day at Non, 
either in the ſame Book where they keep their Reckoning, or elſe in a Book di- 
ſtinctly for that purpoſe, commonly called a Leg-Book, 355 
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Now the manner of proceeding in this Journal, by the help of the Table of | : 


Latitude and Departure is very facile, as follows; the 22d of March at Noon, 
find the Lizard to bear North, and to be Diſtant about 25 Miles or Minutes. 
therefore I am to the Southward of the Lizard 257; which 25” I place in the 
South Column, and that makes my Latitude 49% 30%. 
The 234 Day my Courſe is 8. W. and the Diſtance 1127, to find the Difference 
of Latitude and Departure by the Table of Latitude and Departure, accordin 
to Prob. 1. The Difference of Latitude is 59.2, and the Departure 539.2. Becky 
the Courſe is South Weſterly, I place the Diff. Lat. in the South Column, and 
my Departure in the Weſt Column, 79, or 19 197, ſubtracted from 492 30 dives 
the Latitude 48? 111. OO, YE 
e How to find the Difference of Longitude. 
To find the Difference of Longitude, in the two laſt Columns you have hath 
Latitudes 48 117, and 499 30” (the preſent Latitude, and the Latitude of the 
Day before) and Courſe 8 W, by which you may find the Diff. Longitude, xc. 
- cording to the Proportion in Chap, 6, Prob. 3. of Mercutors Sailing; ſaying, as Radius 
is to the Meridional Diff. Lat. So is the Tangent of the Courſe, to the Dif, 
Long. This Proportion being wrought by the Logarithms, or Gunter's Seal 
which may ſerve in this Caſe) you will find the Diff. Longitude 1207 which 
place in the Weſt Column, becauſe your Courſe is Weſterly. 8 
The 24 Day is wrought after the ſame manner of the 234, having the Courſ: 
and Diſtance given to find the Difference of Latitude, Departure, and Difference 
of Longitude as was ſnewed before. eee 
And here we thought to have entertained the Reader with Directions for find 
ing the Difference of Longitude by Inſpection, in a Traverſe Table; but our 
Tables in this Book being only to every Quarter point of the Compaſs, it is not 
ſo fit for that Purpoſe, and therefore ſhall rather recommend the Learner to the 
laſt Edition of the Mariner's New Kalender, where there is a Traverſe Table to e- 
very Degree, and the Directions at large, for finding the Longitude thereby. 


How to CorrefF your Recloning by Obſervation of the Latitude. 


On the 24th of March, by a good Obſervation, I find my Latitude to be 4), 
whereas by theReckoning I ſhould be in the Lat. 47? 15“ ſo that the Difference 
is 15“ more Southerly: Therefore to Correct my Latitude, I place 15 in thes. 
Column, which ſubtracted from 4715“, makes my Latitude by Reckoning to # 
gree with the Obſervation. To correct your Departure, you muſt conſider, whe 
ther the Fault be imputed to your Courſe, or to your Diſtance : If your Coutſ 
be well ſteered, and you find no Current, nor any Variation of the Co.npals,thin 
your Diſtance is faulty; but it you cannot truſt to the Courſe ſteered, then you 
beſt way is to correct your Latitude only, not meddling with your Departure 
there hea Current and you know which way the current ſets, and how faſt, then 
allow for it, as you are taught in Page 58, of this Book. But it you only by ſonc 

| probable Reaſon conjecture there is a Current, then give what allowance yu 
think meet in Diff. Lat, and Dep. and ſee if that will reform your Reckoning © 


How to. keeþ a Journal at Sea 259 

our Latitude. If ſo, you have gueſſe d well; but if it will not, it is to be ſup- 
beo ſed that you are miſtaken in your con jecture, or that there is ſome other caule 
bt this Error in your Reckoning. | : . 
3 If the Compaſs varies (as moſt commonly it doth) then finding what the Vari- 
tion is, and which way it is, you muſt allow it in the Ship's Courſe, But if you 
Cannot impute the Error to any of theſe, than (as I ſaid before) the Dittance is 
faulty; and this is that which uſually makes the Difference between the Lati- 
tude obſerved, and the Latitude dy your reckoning: And this | take to be the 
W nauſe of the Error this 24th Day of March, and generally in this Reckoning, 

; Now to correct your Departure and Diff. Longitude, when the Error is in the 
Diſtance, you muſt add up the North, South, Eaſt, and Weſt Colums, from the Day 
BW that you correct to the beginning of your Journal Tables, if it be the firſt Correc- 
tion you have made, or from the Day of Correction to the laſt Correction; if it 
pe the ſecond, third, fourth Correction, &c. then Subtract the Sums of the N. 
and South Columns from each other, and likewiſe of the Eaſt and Weſt, and 

guy by the Rule of Proportion: As the Diff. of the North and South Columns, 
to the Diff. of the Exit and Weſt Colums; ſo the Difference between the La- 

W titudes by Obſervation and Reckoning, to the Diff. in the Departure; and for 
the Diff. Long- As the Diff. between the Latitudes byObſervation and Reckoning, 
to the Merid. Diff. of thoſe Latitudes ; ſo is the Diff. in the Departure, to the 
Diff. in the Longitude. 5 „„ 

Example. The 24th Day you will find the Sum of the North Column oo, the 
Sum ot the South Column (leaving out 15 minutes the Error) 164.8 minutes, 
and therefore their Difference is 164.8. The ſum of the Eaſt Column is oo min. 
ol the Weſt Column 124-9 and their Difference 124-9, Then the Operation by 
„%% . error 9 98 


As the Diff. of the North and South Columns... 164.8 — 7.7830 4 
To the Diff. of the Eaſt and Wit Columns —— —— 124.9 — 2.0656 
So is the Diff, between the Two Latitudes — —— 15.0—— 1.17609 


To the Difference in the Departure —— — 10 — 4105569 
Place this 11 Minutes in the t Column, becauſe the Sum of the V Co- 
lum n exceeds the Sum of the Eaſt Column. CE or 
x A _ Operation we neglect the Tenths of the Departure, as not to be re- 


The Operation for the Difference in the Longitude, 
The two Latitude are 47 deg. 15 min. and 47 deg. oo min, by which in the 
= Table of Meridional Parts you will find the Meridional Diff. Lat, 22 min. There- 
As the Diff. between the two Latitudes ————— 15% — —— $8259 
To the Merid. Diff. of thoſe Lat. <m——_ — 22 oo mmm 1.424: 
So is the Diff. in the Departure. x 1 K—2—:·e— 1429 


To the Diff. in the Longitude T 16 . — 1.20% 
„„ VVV 


9 2 of the Tables 5 „ 


This 16“ is placed in the Vt Column, becauſe the Departure is Wefterl 

After the ſame manner are the Corrections made in the Journal on the 2 t 
March, the 4th, the gth, and the 20th Days of April, the Error being ſuppoſed 8 
be in the Computation of the Diſtance. . q 
Ik your Ship fails. ſeveral Courſes in 24 hours, you muſt find your Diff Lat: 

tude and Depart. by working a Traverſe, according to Prob. 9, in the Uſe zo 
the Table of Latit. and Depart. your Diff. Lat. will give you what Latitude 
the Ship is in, then have you two Latitudes, viz. the Lat. the Ship was in the 
Day before at Noon, and the Lat. the Ship is now in, by which you may find 
the Merid. Diff. Lat, by the Table of Merid. Parts according to Chap. 6. Prob. 
of Mercator's Sailing, Then for your Diff. Longitude, (ay, N 
As the Diff. Latitude found by the Traverſe, 

"> To 20 Diff. Latitude in Merid. Parts: 

So is the Departure found by the Tra ver fe. 

ö Wy tbe Diff. of. Longuude for the Traverſe« FVV 
Jo find the whole Diff. Longitude of the two Ports between which you make 
your Voyage. VVV . | 
Add up the Columns of the Eaſt and Weſt diff. of Longitude, and ſubtraq_ 
the one from the other, the Remainder reduc'd into degrees and minutes, is 
the Diff:rence of Longitude ſought. JJ Arn dba. t > Eh NF 
In this Journal the Sum of the Weſt Column of Longitude is 31 0,0. the 
Sum of the Eaſt Column is 1.0 therefore the Diff. of the Eaſt and Weit Columns. 

of Longitude is 2169.0, which reduc'd into Degrees and Minutes, makes 529 
49”, the Diff. Long. between the Lizard and Bar badoes, To 


De Uſe of the Table of Ten Chiliads, or Ten Tioaſand Logarithms: 


THE firſt Page of this Table is divided into fix Columns, of which, the 
_* frft, third, and fitth are Natural Numbers, and againſt them in the ſecond, 
fourth, or ſixth Columns, you have their Correſpondent Logarizbms ; as for inſtance, 
I deſire to know what is the Logarithm of 57? I look in the Columns under 
(Num) ard find 57 in the third Column, and againſt it in the fourth Column, 
(under Leger.) I find 1.755575. the Logarithm of 57 required. This Page con- 
tains only all Numbers un der 100, „„ 5 
The firſt Column of the following Pages, contains Numbers, increaſing in their 
Natural Order from 100 to 999, and with the figures at the Top they extend to 
ſ“œ„ , ͤ !!. ¾ mv m no ee og bn 
If your Number conſiſt ot 3 Places, as {uppoſe 469. find your Number always 
in the firſt Column of the Left hand Page, and againſt it in the ſecond Column 
(under o) you have 2.67 11728, the Logarithm of 459 require. 
But if your Number contain of 4 Places, (as 5678) find the firſt three Figures 
(567) in the Left hand Column, and the laſt Figure (8) at the top, and in the 
Common Angle vou have 2 7541954, the Logarithm required; only obſerve 85 
general Rule, that the firſt Figure of the Logarithm towards the Left-hand oy 
always be leſs by one, than the Number of Places contained in the Profrh. 
ahſolute Number. F —— 


If the Degrees be leſs than 45, your Sine, 
thoſe Columns which are di 
Head of the Table, 


in thoſe Columns which are diſting 


at the toot of the Table, and their 


l Logarithms, Sines, Tangents and Secants, 261 


C 5:678 0:7 541954. 
| * 56.78 a 9 541354 | 
Thus the Logarithm of, < 567.8 > is {247541954 Oe. 
. 75678 p 7441955 
56780 4+7541954 , 


2 A Logs being given, to find the correſpondent Number, 
Note If the firſt Figure of the given Log be (o then by the foregoing Rule, 
the Number ſought conſiſts of one Place; if it be (1) it conſiſts of two Places; 


if it be (2) of three Places; if it be (3) of four Places, &c, 


Let the Log be o. 9030900; this Log will be found in the firſt Page of the Ta- 
ble againſt (8) which ſhews that *) is the Number ſought. | | 
Let the Log. be 1+y190781 ; the Index or firſt Figure being 1, the Number con- 


tains but two Places, viz. under 109. therefore look in the firſt Page for the 


oven Log. and againſt it you have 82, the Number required- 5 
Ls ws hen $4186 98 ; look Jowy the ſecond Column of the Lefi-hand 
Pages, until you find the Logarithm propoſed, and againſt it in the firſt Column, 
you have 679, the Number ſought. 5 e 
Let 3.980276 f be the Log. given; look down the ſecond Column, as before, and 
you will find the neareſt leſs to be 3. 9800034; and the Number againſt it is 955; 


and croſſing the Pages, as before directed, under (6) you will have the given 
Log. Therefore the Number ſought is 9556. 1 : : 


Let the given Log. be 249664379 ; if you look in the Table, according to the 


former Directions, you cannot find any Loz. the fame with this here given; and 


this is commonly the Caſe in the Uſe of theſe Tables; but then you muſt find the 
neareſt, being in this Caſe leſs than the Los. given, viz. 3. 9664233. and the Num- 
ber anſwering thereto is 9256, which is the neareſt in whole Numbers. 

Let the given Log. be 1.9205 407 ; look down the left hand Column as before, 
for the next leſs, which is 2.920123 3, the Number againſt which it ſtands is $325, 


then looking through the Pages againſt 832, you find under 8 at the Top 
2920 540), the four figures anſwering thereto is $328; but becauſe the Index or. 


firſt Figure of the given Log. is r, the Number muſt contain but two places, and 


the reſt is a Decimal Fraction, ſo that 83.28, viz, 83-33 is the Number required. 


The Uje of the Table of Artificial, or Logarithmetical Sines, T angents, 


aud Secants. 


THI S Table contains the Logarithmetical Sines, Tangents, and'Secants of every 
Degree and Minute of the Quadrant. e | 


1. To find the Sine, Tangent, or Secant of any Degree and Minute. 


1:ngent, or Secant, is found in 


- . 


and their Complements-in the Column titled at the foot: 

But if the Degrees exceeds 45, then your Sine, Tangent, or Secant, is found 
uiſhed by the Words (Sine) (Tangent) (Secant) 
Complements in thoſe titled at the Head, 


_ Suppoſe 


inguiſhed by the Words (Sine) (Tang. I. Scan) at tibe 


262 JI The I/ of the Tables o ß 
| Suppoſe vou were to find the Log. Sine, Tangent or Secant o 329 t2!1:Low c 
229 BE 2 ot the Table, and upon the Left-hand pd. in the cle 
Minutes, under the Letter (M) you will find 12”, and againſt 12“, and under gin, 
at the Head of the Table, you will find 9.) 266264. which is the Leg. Sir gf 
32 12*; and againſt 12, and under ¶ Tang.) you hawe 9.991 569, the Log, Tag. 
of 329 f“; and againſt 12”, and under (Secantq you have 10-072 5305 the Lg 
Secant of 32 12% J 0 | 
| Suppole you were to find the Log. Size, Tangent or Steant of 31? 4)“, Look for 
3) deg. at the head of the Table, and upon the right-hand Page( becauſe the Mi. 
nutes exceed 30) in the Column of Min. under (M) you muſt look for 4) min. 
and againſt 47 min. and under (Sine at the head of the Table, you will fad 
9.18723 17, the Sine of 37 deg. 47 min. And againſt 47, and under (Tanz) you 
will find 9.88942 14, the Tang of z) deg. 47 min. And againſt 47 and under 
(Cecunt) you will find 10.1021897, the Secant of 3) deg- 47 min. | 
| Suppoſe you were to find the Log. Sine, Tangent or Secant ot 64* 15”: Turn to 
6a“ at the foot of the Table, and upon the right hand Page, in the Column of 
Minutes, over the Letter (M) look upwards for 15” ; againſt j5!, and over (S5) 
at the foot of the Table, you will find 9.9 545793 the Sine of 64® 150 ; and 2. 
gainſt 15, and over (Tang) you will find 10.3 166443 the Targent of 64 15/. Ard 
againſt 1 57, and over (Secant) you will find 10.36 20649, the Secant of 64 15. 
Suppoſe you were to find the Log, Sine, Tangent or Sccant of 389 4.5%; Turn to 13% 
at the foot of the Table, and upon the left hand Page (becauſe the Minutes excecd 
30) in the Column of Minutes, over (M) look for 45, againſt 45, and over (Sr) 
you find the Sine of 58? 45* to be 9.99 15739, and the Tangent in the ſame line 
over (Tang) to be 10.701 3382; and the Secant over (Secant) to be 10.709 6433. 
2. A Log, Sine, Tangent or Secant, being given; to find the Degy ee and Minute 
C 6 ß) ĩ²¾ . ĩ 
This is but the Converſe of the former; but that you may the more readily 
turn to the deg, and min. required, take this brief Direction. 
If it be a Sine, and the five firſt Figures be leſs than 9.84 94, or a Tangent les 
than Radius, or 1 0-0000000; or a Secant and the fix firſt Figures leſs than 10:150;; 
then it is a Sine, Tangent or Secant of leſs than 45“, and is to be ſought in thoſe 
Columns deftinguiſhed with (Sine) (Tangent) (Secant ) at the head of the Table; but 
if the Sine, Tang ent, or Secant, exceed the reſpective Numbers, then the Degrees 
anſwering thereto are more than 45, and they are to be found in thoſe Column 
diſtinguiſhed by (Sine) (Tangent) (Secant) at the foot of the Table. 
Suppoſe you were to find the Degree and Minute correſponding to this Se | 
9.703 5329: This being leſs than 45, I run over the Column of Sines diſtinguiſhed 
by ( Sne) at the top, and under 30?, and againſt 22” I find the given Sine, 
_  GufppoſeT were to find the Degrees and Minutes correſponding to this Tang. 1 0.3862 931 
T bis being greater than 455, Iirun over the Columns of Tangents, diſtinguiſhed 
by (Tag.) at the foot of the Table, and over 67, and againſt 39 I find 
the neareſt being greater, vir. 10.3863 593, and therefore the deg, and min. 
%% 15-09 "20% ⁵²wry m8 3 
I. Note; If you are to find the Sine Complement, Tangent Complement, or Sean 
| Complement of any Degree and Minute; as ſuppoſe you were to find * 


Logarithms, Sines, Tangents and Secants: 26 3 
plement of 39 17%, ſubtrat 39% 19” from 90? 00”, and look the Sine of the Re- 
mainder or complement to 90® viz. the Sine of 50? 43! ; or you may find it as 
before directed, to ſave the Trouble of Subtraction- 

2. Note, If you are to find the Sine, Tangent, or Secant, of any Number of 
Degrees and Minutes exceeding go; as ſuppoſe you were to find the Tangent of 


12) 397 ſubtract 1275 39“ from 1800 ooꝰ and find the Tangent of the Remainder, 
viz, the Tangent 52 217, which is alſo the Tangent 127* 39", as was required. 


To find the Complement Arithmeical of any given Logarithm:, 


Phe Co Ar. of any Logarithm is what it wants of Radius, vix · 10.0000000 or 
it jt be more than Radius, it is what it wants of Twice Radius. or 20-0000000 ; Z 
to find which, begin at the Left- hand of your given Logarithm, ſubtracting every 
Figure from 9, till you come at the laſt Figure towards the Right-hand, which 
lubt ract from 10, ſetting down the Remainder, which is the Co. Ar. required. 
Example, I defire to know the Co. Ar. of Log. 2.581436; you need not ſet 
them down as in common Subtraction, but do it by Sight, ſetting down for e- 
very Figure its Complement to 9, thus, for 2 ſet down ); for 7, 2; for 5,4; 
for 8, 1; for 1,83 for 4, 5; for 3, 6; for 6 (the laſt Figure) ſet its comple- 
ment to 10, Viz. 4; and thus the Co, Ar, of 2.7521436, is 7 2418564, . 
= This Method is to be uſed in finding the Co Ar. of any Sine, Tangent, or Lo- 
= carithm, leſs than 10:0000000 ; but for any above r0.0000000, you only reject 
f the firſt figure of the Index, or Characteriſtick, and proceed with the reſt as 
before directed: thus the Co. Ar. ot 10.8193472, is 9.1 806528, ec, 
Y But for more Expedition, and to avoid the Trouble of Subtraction, it may be 
=_— found more redily thus e Me 


= - em, @F -CSecant Comp. > Rejecting the r 
= For Co. Ar. of Sine Comp. ona: )Secan " £ in the Characte- 
T 0 Tangent I C Tang, Comp. J riſtick which is the 
. ar. of the Sine Complement or Tangent (it under 45 deg) required. 
hut for Logarithms which exceed 10,0000000, viz. Tangents above 45 De- 
grees, and all Secants, obſerve, . LE 


CCC 
Fot Co, M..0 3 Secan . © Set down ) Sn Comps 
77777; / mY | " 70 
From hence this general Rule may be deduced, , 
In any Trigonometrical Proportion, where the Co. Ar. is required (which is al- 
ways when Radius is not one of the three firſt Terms) if the firſt Term be a Sine 
found in the firſt Column of the Table, ſet down for its Co. Ar. the Secant found 
in the laſt Column: If it is a Sine found in the ſecond Column, its Co. Ar, is the 
Secant found in the fifth Column, it it is a Tangent found in the third Column, 
its Co, Ar. is the Tangent found in the fourth Column right againſt it (always 
rejeling the 1 in the Characteriſtick) and if the firſt Term be a Tang. or Secant 
found in the fourth, fifth, or ſixth Column, the Co. Ar. is the Tangent or Sine 
found in the third, ſecond or firſt Columns; and having thus taken the Co, 85 


» „ .. rr A _ 
, * : * 


b 
of 


add them all together, and the Sum rejecting Radius, is the Sine Tange 
fought. 


64 The Uſe of the Tables of Logarithms, &c. 


the firſt Term, and the Sine, Tangent, Cc. of the ſecond and third Terms 
at, We 


Example As Sine 299 30", to the Sine of 56® 15”; lo is Sine of 220 Ws. 
a fourth Sine required. The Sine of 29? 3o' is found in the firſt Column 
therefore for its Co. Ar, ſet down the Secant found againſt it in the laſt Column 


re} 
it will Rand thus, 


| 80 Sine ä — — —„—-— — 22 57 —— 


ecting Radius, (which is the ſame as if you found Co. Ar. by Subtracti on) 10 


- C0: Ar, 


As Sine — — — — — — — 29 30 — 2 0. 3076612 5 


T's SIR owns Gnas — —. gre 


2 g. 


ee... ne 41 IE eee en x 


th 


The Reaſon ot thus changing Secants for Co. Ar. of Sines, Sc is evident tg 
oſe that underſtand the Natural Propoſition of the Sines, Tangents and 8e. 


cants amongſt themſelves; which Proportion may be eafily Demonſtrated by 
the Principles and Natural Conſequences of Geometry: 
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for Numbers increaſing in their Natu- 
ral Order, from an Unit to 10, 000. | 


: NN 
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| . 2 bo * 
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Wich a Table of Artificial Sines, * and 
W | Secants, the Radius 10. 000000; and to every 
W | Degree and Minute of the Quadrant. 


— —— 


— 2 * 


— 


D 
. | - 0.0000000 ; VE 1 1.531478 9 
2 | 03010300 1 1.5440680 
W | 2 | 04771213 | | 1:5563025 
7 
8 
9 
10 


Logar. Num. Logar, . 


41 J 0.6020660 15682017714 
0,6989700 | 155797836 | | 
— | 145910646 | 

11.50 20600 
1.6 127839 
11.632493 
111.6334685 
| 1-6434527 | 
| 1-6532125 | 
1,6627578 | | 
| 146720975 | 
| 16812412 j {| 81 - 
_ | 1.69019611 14 | 
| 1-6989700 | 

* |} 1,7075702 
2 | 1-7160033 
3 | 157242759 | | 
42 4433 25 
1 147493927 |] 
"| 147481880 | 
1 7559749 | | 
| 22881 

: 1 
11.785329 
J 17923917 
- | 67993495 
1. 806 1800 
111.8129134 
1.819429 


py 0.9542425 | 
| 1t | 10413927 | 
| 12 197218124 
on [11339434 | 
T8 5 4 1 ” 
15 | 1141760913 . 
16 1, 2041200 1 
| * 1. 2304489 3 & 
| 18 1.25 2725 J 2 
19 127873266 
20 | 143010300 | | 
21 NF 143222193 8 2 
23 -| 1,3017278 | | 
27 | 97999 q, 
wy.” 1.431363 
20 | 1.4623980 | 
320 147712133 
31 | 1-4913617 | | 
| 32 1.501500 


| 929009 | 
| 19344935 | 
1.9444327 
. | 1-9493900 
| 1:9542425 
119590414 
14197312794 
11527723660 z 
. 19822712 | : | 
3 ly867717 * 
1.9912261 


REY 


12.172186 


wm | 
100 2.000000 
101 J 2.0043 214 
102 2.008002 
103 | 2.0128372 
104 | 20170333 
105 2.0211893 
106 2.025 3059 
107 | 2.0293838 
108 | 2.033423$ 
109 | 20374265 
110 | 2.0413927 
111 | 2.0453230 
112 2.0492180 
113 2.05 30784 
114 J 2.05 69049 
115 2.006978 
116 e fe 
11 2.06818 91 
118 9 8335 
119 20755470 
120 J 2.0791812 
121 | 2.08 27854 
122 | 2.0863598 
123 J 2.0399051 
124 | 2.0934217 
125 | 2-0969100 
126 | 2.1003705 
12' 21033037 
128 | 2.1072100 
129 | 21105897 
130 21139433 
131. | 2-1172713_ 
132 | 2-1205739 
| 2-1233516 
2.1271048 
142.1303338 
21335389 
2.1367 206 
| 2-1398791 
2.1430148 
2. 1461280 
122.1492191 
142.1522883 
121553380 
122.1583625 
112.1513680 
112.1643528 
122.1673173 
48 112.1702617 


1 


2500434 


2.00475 11 
2.090257 


2.0132587 


20174507 
2.02 16027 


200257154 


| 2.0297895 


2.0339257 


2.437140 
2.549656 


2.05 34626 


2.06 72856 
2.06 10753 
2.06483 22 
2.0722499 
2.759118 


8 


2.795430 
N 2.0831441 | 


2.0367157 


20972573 


_ 2.1075491 
2.1109262 


2.1176027 
2.1209028 
2.1241750 
21274288 
11283195 
—433³⁰ 


* 


21370374 


2.140 1937 


2.143371 


2.1464381 


| 21525941 
2,1556396 


2.1616674 
2.164.6502 


2.0378247 
| 2.0417873 


22902580 


2-0937718 | 
| 20976043 
2.1007151 


2. 1041455 


2.114277 


2.1586640 


21495279 1 


| 


2.1676127 | 
2.1705550 
2-1734776 


2 


20008677 
2.005 1805 


2.0094 509 


2.013797 
2.017867 
2.0220 157 
2.0261 245 
2.0301 94 

20342273 
2.038 2226 
2.0421816 


| 2:0461048 


2.0499928 


2.05 28464 


2.05 76681 


2.06 14525 


2.065 2061 
20689276 
2.—726175 
2.0762762 
2-07 99045 
2.08 35026 
2. 0906107 


2.0941216 


21019593 


2.1044971 | 


2.1078880 


2.1112625 


2.11451 10 


21245042 
2.1277 325 


21344225 


2.1373541 
2.1405080 


2.1435392 


2.1467480 
2.149847 
2.1528996 
21559430 


2.1589653 
2.1619666 


2.649474 


2. 1679078 
2. 1708492 
2.17 37688 


F 


— — 


21179338 
2.121 23 15 


" A TABLE of Logarithms. | 


— — 


2.979511 


2.1082266 


| 
 2.1149444 
2 | 222 


2.12 
2.130767 


| 2.1532049 | 
| 2.1592663 


[ 


- 2.065 $797 


_ 2.0929631 


_ 2.1376705 
2. 1408222 
2.143951 
21470577 
2.1501422 


2.0182843 


2.0224284 


20305997 


2.0346284 
2.0386202 


2.04649 52 
200503797 


2.05 $0462 
2.06 18293 


2.0542299 


2.069 2990 
2.0729847 
2.07 58404 
2.0802656 
2.08 38608 
2.08 74264 


2.944711 


2.1014033 
2. 1048284 


2.1115985 


2.121559 


2. — 301 
0760 


. 


| 


2.1622656 


2.16 


2.17 11411 N 


2.010 

2.0141003. | 
| 2.018700 
2.0228406 
| 20269416 | 


31000008 5 
2027 | 2.10 


2.080626; 


; 2548200 
-2,1017471| 
2.108 5650 
| 21152716} 


2.144268 


2.15641 


2.174098 L21242 


3 
25017575 


2.014520; 


—— 


2.03 10043 
20350293 | 
20390112 
2.468852 
2.0546130 


-— 


IE I 


2.06595 30 
2:0696681 | 
2:0733517 
2077004; 


2.084218) 
2.09131 61 


6 


2.098297 


2,1051694 þ 


21119343 


211 


5956] 
$80 | - 
212510] | 
2.1203993 | 

2.1316187 


2.134814 


2.1411361 


2.1473671| 
2,1504494 | 
2.153510 | 


2.15956 | 
2.162564 | 
8 | 

4915 | 
2.17 1492 


ö 


wo 2.16 
2.1717264 


, from 1 to 10000. 


7 


2:0021661 


2.0064660 
2.0107239 
2.0149403 


12.191163 


2.02325 24 
2.0273496 
2.031408 


| 20354297. 
| 20294141 
| 20433623 


2.047 2749 
2.0511525 
20549958 
2.058805 5 
2.06258 20 


112.0663259 
20709379 


20737183 


120773579 
2. 0809870 


| 2.0845 7 63 


2.0881361 
2.09 16669 


2.09 51693 
2.0986437 
2. 1020905 
122.1055102 
| 2.1122698 
ee 
2.11 

| 2.1222159 
| 
142.1287223 
112.1319393 
2.1351326 


9257 
2.1254813 


| 2-1383027 
| 2-1414498. 
2.144742 
2.1476763 
| 2147 
2.153 

143 | 2-1568519 
I 144 | 2.1598678 
2.1628630 


es kb 


112.1746412 


149, 


7920 | 


O —_— ; 
2.0025980 


2,.0068937 


2-0111473 
2.52193597 


2.0195317 | 


2.0230639 


20277572 


2.0318123 


2.035 8 298 


2.0398 105 
20437551 


2.047642 


2.0515284 
2.053783 
2.059184 


2.0629578 


2.066698 5 


2.0704073 
2.0740847 
2.0777312 
2.0813473 
2,0849336 
2.08 84905 
2. 0920185 


2.09 5180 
2.098 9896 


2.1024 337 
2. 1058506 


2. 10924. ION 


2. 1126050 


21159432 
21192559 | 
2.1225435 


2.1258264 
2.1290450 
2.322597 
21354507 


2.186184 
2.1417632 
2.14488 54 


2.1479853 
2. 1510632 


2.1541 195 


2.1571544 


2.1601683 
2.1631614 
2 
2. 1690863 


2.1720188 
2.1749316. 


— — i, 


2.00 30295 1 


2.007 3209 
2.0115704 
2.0157787 
2.01994 67 
2.02407 50 
2.028 1644 
2.0322157 
2.0362295 
2,094020966 
2. 0441476 
2.04805 32 


2.05 19239 


2.055765 
2.595634 
2.0633333 


2.0670708 


20707765 
2.074457 
2.07 80941 


2.08 5 2906 
2. 08 8 8446 
2923097 5 
2-09 58654. 


2-0993353 


2.11 29400 


2.116275 


2 
2.1261314 


112.1293676 
21325798 
2.137685 


2.138939 
241420705 
2-1451964 
2-1482941 
2.1513698 
2.1544 240 


2. 1027766 
2. 1061909 
21095785 


2.1574568 


2.160468 5 
2.163495 


2.1654301 


2.1693805 


2.1723110 


2.1752218. 


TIE 


1 


i 


709 | 


2.0034605 
2. 0077478 
2.0119931 


2.0161973 
20203613 


2.0244357 


| 2.0285712 
2.03 26188 


2.036289 


2. 0406023 


2.0445 398 
2.2454418 
2.0523091 
2.0561422 


2.0674428 


| 2.07 11452 


2.07481 64 


2.07 84568 


2.08 20669 


2.08 56473 
2.089 1984 
2.0927 206 


2.0962146 


2. 0996806 
2.1031192 | 
2.1065 208 

2. 1099159 
2.1132746 


2.1199154 


221231901 


241264561 


21296899 
| 241328998 
2.1360861 


2.1392492 | 
21423395 | 


21455072 


2.1486026 
| 21516762 
| 2.1547282 


2.1577539 


| 241607686. 


2.1667260 


2.1696744 
2.1726029 
2.1766118 


2.0678 145 
2.0751818 
2.0895519 


2.0965624 


2.106870 


2.1332194 
| 2913647234. | 


2.1519824 
| 2.1550322 5 
| 2.15 80608 1 
21610684 


2.038912 
2.008 1742 
2.01 241 54 
2.016615 5 


2.020775 5 


20330214 


2. 0370279 


2.0599419 2 
2.063708 5 


2.0715 138 


2.0788 192 
2.08 24263 


2.09207 12 


21000257 
2. 1034616 


2. 1102529 
2. 11360914 
2. 1169396 
2. 1202448 
2. 1267806 | 
2.1300119 þ 


2.1395043 | 
2. 1427022 | 

2.1458177 
2.14891 10 


2.164035 53 
2.1670218 5 
2. 1699682 

2˙1728947 
2. 17580167 


— 


— 


2.298831 
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1 
2.176913 2.176380) 
2.1789769 | 21792645 
_ 201318436 | 2.1821292 
2.1346914 | 2-1849752 
2.1874207 | 2-1878026 
| 2.1983317 | 2-1906118 
2.1931246 | 21934029 | 
2.-1958996 | 21961762 
2.1986571 | 2-1989319 
2.2013971 | 242016792. 
2.2041200 | 2. 2043913 
2. 2068259 | 2-2070955 
2. 2095150 | 2. 2097830 
242.2121876 | 2.2124540 
2.214848 | 2.215 1086 
2.2174839 | 242177471 
| 22201081 | 2.2203696 
| 2.2227165 | 22229764 
| 2-2253093 | 12 
2.2278867 | 2.228 1436 
2. 2304489 | 2. 2307043 
2. 2329961] 2.2332500 
2. 2355284 223.7008 
2. 2380461] 2-2352971 
| 2.2405492 | 2.2407988 
2.2420380 | 242432861 
2.2455127 | 2-2457593 
| 2.2479733 | 2. 2482186 
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186 - 2-2706788 | 22709116 | 2,2711443* | 242713769 | 242716093 | 
187 | 22730013 | 242732328 | 2.2734643 | 2-2736956 | 2.2739268 | 
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258 | 24124605 | 244126285 | 2,4127964 | 2,4129043 | 24131320 
259 | 2.4141374 | 2:4143047 | 24144719 | 2-4146391 [24148063 
260 2.4158077 | 244159744 2.4161410 | 244163076 | 2,4164741 | 
261 | 24174717 | 2-4176377 | 2:4178037 | 2-4179696 | 24131355 | 
262 | 2.4191293 | 2-4192947 2.4194601 | 244196254 | 2.4197906 = 
263 | 2.4207806 | 2-4209454 | 24211191 | 2,4212745 [ 2.4214394 | 
264 | 2.4224257 | 2-4225898 | 2,4227539 | 2-4229180 | 2.4230820 | 
265 | 2.4240645 | 244242281 | 2.4243915 | 2-4245550 | 244247183 
266 | 244256972 | 2-4258601 | 24260230 | 24261858 | 2,4263486 | 
267 | 2.4273238 | 2.427486r | 2.4276484 | 2,4275106 | 2,4279727 | 
268 | 2.4289443 | 24291060 | 2,4292677 | 244294293 | 2-4295908 | 
269 2.430555 2.4307 199 | 2.4398809 | 244310419 | 2.43 12029 
270- | 2.4221673 | 244323278 | 2,4324883 | 244326487 | 2.43285g0 | 
271 | 2.4337638 | 2-4339298 | 2,4340896 | 244342494 | 2.4344092 | 
272 | 2.4353665 | 24355258 | 2.4356851 | 2:4358444 | 24360035 | 
273. | 2-4369573 | 24371161 | 24372748 | 24374334 2637 3920 
| 274 2.4385423 | 2:4387005 | 24388537 2,4390 2391747 
| 275 | 2.4491216 | 244402792 | 244404368 2.440 2517 
276 | 2.4416951 2.4418522 | 2,4420092 | 2.442 LO 42 3229 | 
| 277 | 2:4432630 | 244434195 | 24435759 | 2.4437322 24438885 
| 278 2.444825 2 (| 2.4449 112.4451370 24452928 2.445448 5 1 : 
279 | 2.4463818 | 2.4465372 | 2,4466925 | 24468477 | 2.4470029 | 
280 | 2.4479329 | 2-4480877 | 2.4482424 | 2-4453971 | 2:4485517 | 
281 | 2.4494784 | 2.4496326 | 2.4497868 | 2.4499410 [2.450951 G 
282 | 2.4510184 | 2.4511721 | 2,4513258 | 24514794 | 24516329 | 
| 233 | 24525531 | 244527062 | 24528593 | 2.4530124 | 2.4531654 | 
#4 | 24540823 | 24542349 | 24543575 | 24545400 | 24546924 
285 | 2.4556061 | 2.4557582 | 244559102 2.4560622 | 2,4562142 
286 | 2.4571246 | 2-4572762 2.474277 | 2:4575791 | 2:4577395 | 
287 | 2.458637g | 2-4587889 | 2.4589399 | 2:4590998 | 2.4592417 | 
288 | 24601458 | 2.4602963 | 2.4604468 | 24605972 | 2.4607475 | 
2868 | 24616486 | 2.4617986 | 2-4619485 | 2:4520984 | $.4622482 | 
290 | 2.4631461 | 2:4632956 | 2.4634450 | 2-4635944 | 24637437 | 
291 | 2.4646386 | 2,4647875 | 244649364 | 2-4650853 | 24652341 | 
292 | 2.4661259 | 2:4662743 | 2.4664227 | 2.4655711 | 2-4657194 | - 
292 |. 2.4676081 | 24677560 | 24679039 2,4650518 [2.468 1996 
294 2.46908 53 | 244692327 | 2.4693801 | 2.4695275 [ 2.469748 
2956 | 2.4705575 | 24707044 | 24708513 | 2,4709982 | 2.4711450 | 
296 | 2.4720247 | 3 | 2.4723175 |} 2.4724639 | 2.4726102 | 
297 | 2.4734870 | 2-4736329 | 2,4737788 | 2.4739247 | 2,4740705 | 
298 | 2.474944 2. 4750898 | 24752352 | 2,4753906 | 2,4755259 | 
1 2.476396 22915 2.4766867 | 2.4768316 | 2.4769765 | 


TTL Ee Logarithns, 


2.429428 


2.3430742 | 2.5431986 


2.543 3229 | 


Num | © | CTC 
200 | 2.4771212 | 2.477266 2-4774017 | 24775553 | 2:4776999 
301 [2.485665 | 2.4787108 | 2-4783550 } 2.4789991 | 2.479143, | 
302 | 2,4800069 | 24801597 | 2-4802945 | 2.4804381 2.480516 
303 | 24314426 | 2:4815859 | 24817292 | 2.4818724 | 2.482016 
304 | 2.4828736 | 2.4830164 | 2.4831592 | 2.4833019 | 2.484446 
305 | 2,4842998 | 2.4844422 | 2-4345345 |} 2.4847268 } 2.484869, 
306 | 24857214 | 2.4858633 | 2-4860052 | 2.4861470 | 2.48623zz 
307 | 24871384 | 2.4872798 | 2.4874212 | 2.4875626 | 2.487793 
308 | 2.4885507 | 2.4886917 | 2.4888 326 | 2.4889735 244891144 
309 | 2:4399585 | 2-4900990 | 24902395 | 2-4903799 2.490520 
210 | 2,4913617 | 2.4915018 | 2.4916418 | 2.4917318 2.491921) 
311 [24922804 [ 24929000 2-4930398 | 2-4931791 [ 24923186 
312 | 2:4941546 | 2.4942938 | 2.4944329 [2.49457 20 | 24494719 
313 | 244955443 | 2:4956831 | 2.4958218 | 2.4959504 2:4960gg0 
314 | 244969296 | 24970679 2.497 2062 | 24973444. 2+4974325 | 
215 | 244983106, | 2.4984484 | 2.498 5462 2.4987 240” 2.498861) 
316 | 2.49968 71 | 2-4999245 | 2.4999619 2. 5000992 25002365 
317 | 2,5010593 | 2.501192 | 2.5013332 | 2-5014701 | 2.501606 | 
318 | 2,5024271 | 2.5025637 2.502700 2 | 2.5028466 | 2.502973; | ' 
219 | 2:5037997 | 2-5039268 | 2.5040629 2.504 1989 | 25043349 | 
320 | 2.59515u0 | 2.5052857 | 2.5054213 | 2:-505556g 2.505692 
321 [2.506550 2. 5066403 | 2.5067755 2.5069 10% J 2. 5070459 
322 | 2,5078559 | 255079907 | 2.508 1255 [2.508 2603 2.508 3950 
323 | 245092025 | 2-5993370 | 2.094713 2.5096057 | 25097400 
324 | 26h 2.5 106790 2.5 108 130 2.5 109469 | 2.511080 | 
3 | 2-5120170 | 2.5121505 | 2.5122841 | 2.512475 
326 | 245132176 | 2:5133508 | 2.5134840 | 2.5136171 | 245137501 
327 | 2.5145473 | 2-5146505 | 2.5148133 | 2:5149460 | 25150787 | 
328 | 2.5158738 | 2.5 160062 | 2.5161386 | 2.5162709 | 2.5164031 
329 |-245171959 | 25173279 | 2.5174598 | 2:5175917 3 2.5177236 
330 | 245185139 | 2.5186455 | 2.5187771 | 2.51890$6 | 2.5 190400 
331 | 2.5198280 | 245199592 | 2.5200903 J 2.5 202214 | 245203525 
332 | 2.5211381 | 25212689 | 2.5213995 | 245215303 | 2.5216610 | 
333 | 245224442 | 2-5225746 | 2.5227050 | 2.5228353 | 245229656 
334 | 245237465 | 25235765 | 2.5249064 | 2.5241364 | 2-5242663 | 
33525270448 2-5251744 | 27253040 J 25254335 2.525631 
_336 | 2:5263393 | 2:5264685 | 2.5255977 | 2.5267269 | 2.725850 
337 | 2:5276299 | 2.5277588 | 2.5278876 | 2.5280163 | 2.528141 
338 | 2.289167 | 2.5 290452] 245291736 | 2.5293020 | 2.529430} 
339 | 245301997 | 2-5303278 | 2.5304558 | 2.5305839 | 2.5307115| 
340 | 2:5314739 2.5316066 | 25317343 | 25318619 | 25319859 | 
341 | 25327544 | 2.5328817 | 2.53 30890 | 2.5331363 | 2-5332535 
.342 | 2453492261 | 2.5341531 | 2-5342800 | 2.5344069 | 2-534533®| 
343 | 245352941 | 2-5354207 | 25355473 | 2-5356738 | 255358093 | 
344 | 25553704 |. 2-5366847 [2.5358 10 | 2.539370 | 25370631 | 
345 | 245373191 | 25379450 | 2.5380708 | 2.5381966 | 2.5383223 
346 | 2.5390761 | 245392016 | 2.5393271 | 2.5394525 | 245395779 
347 | 25493295 | 2:5404546 | 2.540579 | 2.5427048 | 2-5408298 
248 2.541792 | 2-5417040 | 2.5418288 | 2541957 ' 245420781 
349 | 2-5425244 


» 


| — * "4 Eres” C4 an MEFS? * n 
from 1 to 10000. nach 


Pg 


* 


222888. 


* 


5 Rl * 7 e th 3 3 
2. 4778445 | 2:4779890 | 2-4781334 | 2-4782778 | 2.4784222 
2.4792873 J 24794313 | 24795753 #4797192 | 2.4798631 
2.480254 | 24808689 | 2.4810124 | 24311559 | 2.48 12993 
1 2.4823018 [ 2.48 24448 | 2.4825878 | 244827307 | 
2.483 5873 | 2.4837299 | 2:4538725 | 24840150 | 2.4841574 
2,4850112 | 24851533 | 2-4852954 | 24854375 2.485579 
244864305 | 244865721 | 2,4867138 | 2-4868554 | 244869969 
2.4878451 | 24879863 | 24381275 | 2-4882686 | 2.488497 
2.4892552 | 2-4893959 | 2.4895366 | 2-4896773 | 2:4898179 | 
2. 4906607 | 24998009 | 2,4909412 | 2-4910814 | 2.4912216 
2.4920616 | 244922014 | 2.4923413 | 24924810 | 2.4926207 
2.4934580 | 24935974 | 244937363 | 2-4938761 | 2.4940154 
2,4948500 | 2-4949390 | 244951279 | 2-4952667 | 2.4954056 | 
2.4962375 | 2-4963761 | 2.4965 145 24966529 | 2.4967913 | 
| 2-4976206 | 2.4977587 | 2-4978967 | 2-4950347 | 2.5981727 | 
| 2-4939994 | 2.4991370 | 2-4992746 | 2.494121 | 2.499496 
| 2:5003737 | 2.500510g | 2.5006481 | 2-5007852 | 2.5009222 
2,5017437 | 245018805 | 2.5020172 | 2:5021539 | 25022905 | 
2.503 1094 | 24503245$ | 2.5033821 | 2-5035183 | 2.5036545 | 
2.5044709 | 2-5046068 | 2.5047426 | 25948785 [ 2.5050142 
25058280 | 245059635 | 2-5960g9go | 2-5062344 | 2.5063697 
| 2,5971810 | 2,5073160 | -2.5074511 | 2-5075860 | 245077210 | 
2,5085297 | 2:5036644 | 2.50879g0 | 2-5089335 | 25090689 
25098743 | 25100085 | 2.5101427 | 2-5102768 2.5 104 109 
2.5112147 | 2.5113485 | 2.5114823 | 2-5116160 2.5117497 
2,5125510 | 25126844, | 2.5128178 | 2-5129511 | 25120844 | 
2,51333832 | 245140162 | 2.5141491 [2.5 142820 2.5 144149 
2.5152113 22182955 2.5154764 2.515 6089 112.5157414 1 
2,5165354 | 2.5166876 2.517997 | 25159318 | 2.5170639 | 
| 2-5178554 J 2-5179872-| 2-518118g | 25182506 | 2.518382 
o | 25191715 | 2-5193028 | 2.5194342 | 2.5195655 2.5 195955 | 
12.5 204835 | 245206145 | 2.5207455 | 2.5 208764 2.5210773 
| 245217916 | 245219222 | 245220528 | 2.5221833 | 2.5223138 
\ | 245230958 | 2.5232260 | 2.5233562 | 245234863 2.5236164. 
4 | 2-5243961 | 2:5245259 | 2-5246557 | 245247854 | 25249151 | 
| 235256925 | 2-5253219 | 2.5259513 | 2-5260807 | 2.5262100 
2.5269851 | 2,5271141 | 2-5272431 [2.273721 | 2.5275010 | 
2.5282738 2.528884 2.528311 2.5286596 | 2.5287882 
8 2.529558) 2.529869 2.5298152 | 2.5 299434 2.5 200716 
| 2.508398 2.509677 | 2.5310955 | 2.312234 | 2.5313512 | 
142.5321171 | 245322446 | 2.5323721 | 2-5324996 | 2.5326270 | 
| 25333907 25335179 | 25336450 | 2.5337721 J 2.5338991 
2 2.534606 | 2-5347874 | 2.5349141 [2.530408 | 2.5351675 | 
142.5359267 | 2-5360532'| 25361795 | 25363059 2.5364322 
412.5371882 2:5373153 | 2.5374413 | 245375672 | 2.5376932 
125384481 [2.538737 | 2.5386994 | 2.5388250 | 2.5389506 
6 | 2-5397032 | 25398286 | 2.5299538 | 2.5400791 | 2.540043 
| 245409548 | 2.5410798 | 2.5412047 | 2.5413296 | 2.5414544 } 
| 2,5422028 | 25423274 | 2-5424519 - 2.542575 | 2:5427010 
2.3434472 | 2.5435714 | -2-5436956 [2.5438 19 


8 

4 o 

1 

f 
15 
* *. 
{ F 


KT ABLE of Logarithms. 1 


= 


< F 6 o n 0 Fs N AI 822 92 Re = » #2 _ » > \ 
” * þ RN 9 9 8 ». "ll, 5 SUP > ; 8 "Ts 
- 4 4 Salt 22 6 E * f — n | 1 23 > * 
2 ä ̃ ͤôüu ̃ ̃ùͤ.l.l. (]s);;nn.. SE CE biotin tos INS Ss 
r 8 2 Mos 1 e OS * e N * . 
RN 8 2m « by 9 "8 1 «A I 4 4 * 8 ET 94 * me 9 11 N nt 5 4 * . 
II eb a tet et GT EEE EE Eo fp . 


— 


5 5 ba TT 
2. 6440680 | 2.5441921 | 24544316L | | 2.544440 | 245447657 
3 2.545 4308 267955345 2.5456781 254 dt) 
2.5455427 | 245465660 2.5467394 | 2:5469126 2:5470359 
2.5477747 25478977 | 2.548020) | 25481436 2.548266 
25490033 | 2-5491259 27492485 [ 2.5493712 [ 2.54949 
2.5 502283 | 2.5 503597 |. 245504739 | 255035952 2.5507174 
2.5514500 2551572 | 2:3516939 | 2-5518158 | 2.55193) 
| 2-5526682 | 25527895 | 2-5559114 25530329 | 24553154; 
2.5538830 | 25540043 | 245541256 | 2-5542468 | 2.55426 
 2:5550944 | 2-5552154 | 245553302 Þ 2:5554572 | 2455557} 
2.5563025 | 25564231 | 2.5565437 | 25566643 245 567843 
| 25575072 | 2:5575275 | 2.57747? | 2.378880 | 2.557988; 
| 2:5587086 | 2.5588285 | 25589484 2.5590683 | 25559183, 
2.5599066 | 2.5600262 | 245691458 | 2.562654 245603849 
2.5511014 | 25612207 | 2-5613399 | 2.5614592 2.561578 
2.5622929 | 2.5624118 | 2.5625308 | 2.5625497 | 2.562763 
2.563481 | 2:5635997 | 2-3637183 | 2-5538369 | 2.563955: 
2.564661 f 2.5647844 | 2-5649927 | 2.565020g | 2.565139, | 
2.5658478 | 25659658 | 2.5660338 | 2.5662017 | 245663196 
g f 25670264 2.571440 | 2-5672617 | 2.5673793 [2.567490 
| 2.682017 | 2.5683191 | 25684364 | 25535537 | 25686710 
i | 2.5693739 | 2:5694910 | 2.5696080 | 2.5697 249 2.5698419 
2.5705429 | 2-5706597 | 25707764 | 2.57089 30 | 2.571009) 
2.5717088 | 2-5718252 | 2-5719416 | 2.5720580 245721743 
25728716 | 2-5729877 | 245731035 | 2.5732198 | 24573335} 
2.5740313 | 2.5741471 | 2-5742628 | 245743786 | 2.574443 
2.5751878 | 2:5753033 | 2.5754188 Þ-245755342 | 2.5756456 | 
2.5763413 J2.5764565 | 2.5765717 | 25766368 [2.578016 
2.5774917 | 2-5776067 | 2-5777215 | 2.5778363 | 245779511 | 
2.5786392 2.578538 | 2-3738683 | 2.5789628. | 2.579% 
' 245797836 | 2-5793979 | 2-5800121 |-2.5801263 | 2.580240 
| 25809250 [2.58 10389 | 2-5811529 | 2.5812668 | 2.581380} | 
2.58 20634 | 2-5821770 | 2-3322907 | 2-5824043 | 2.5825179 
2.5831988 | 2-5833122 2:5834255 | 2.5835388 | 245836521 
2.584312 25844443 | 2:5845574 | 2.5846704 | 245847534 
 2.5854607 | 2:3855735 | 2-5855363 | 2.5857990 | 25859117 
2.5865873 | 2-5866998 | 2.5868 123 | 2.5869247 | 2.587031 
2,.5877110 | 2-5878232 | 2:5879353 2.588047) | 2-5881596 | 
2.5888317 |} 2.5889436 | 2-5890555 f 2.5891674 | 2.589279? 
2.53899496 | 2.5900612 | 2.5991725 ] 2.5902344 | 2:5903959 | 
2.5910646 | 2.5911759 | 2.5912873 2.591398 | 2459150983 | _ 
| 2-5921768 | 2.5922878 | 2.5923988 | 2,59250g98 | 2.5926208 | 
2.592861 | 2.5933968 | 2.5935076 | 2.5936183 | 2:5937290 | 
| 25943925 | 2-5945930 | 2-5949135 | 2.5947239 | 245948344 | 
| 2:5954962 |. 2-5956064 | 25957165 | 2.5958268 | 245959369 
2.5965971 | 2.596700 2.5968 169 | 2.5969268 | 2.5970367 | 
3 + 1020032 2.5978048 | 25979145 | 25980241 | 25981336 | 
7 | 25987905 | 2.5983999 | 2.5999992 | 25991186 | 2.599227) 
$ | 2.5998831 | 2.5999922 | 2.6001013 | 2.5002103 2.003193 
2.609729 | 2.6010817 [2.601195 


| 2-6012993 | 2-6014081 | 


N 228 > pats EG » 

CEO OTE MOT . ORE TT 
_ TP; F 9 7 R 
f N EE Ge ord See RE eee ie i on nds . — 
— 2 n es rien YI S.| 4 * . * 
„ et ee Ea MO SITS S - 
. CPE NG IE IS; RR _ — — e 5 n n NR 
: - i Sea tu bod $a ns ge. es ICE RS T We 9 P 
5 6 3 V . 
* . * > +, ry „ * Pn WL” 2 
We) * ; ; 
* k 


+ 


— 


Day 


from 1 to 10000. 2 4 
1. : —— | —- 5 are ry 
3 — —_— 2, O . 1 | 
| 75746856 ans 1 nf 47 +74 25482058. 25484753 
2.5459253 242 4 2.5474055 | 2. 5475286 | 245476517 
nene |. 24486051 | 2:5487578 | 2-4488os 
2-5483894 | 27483123 23 $612 | 2.5499826 | 2.5 501060 |} 
2.5496162 2:5497307 oY 18649 2.5512059 25513280 
| 2-5508396 | 2-559991 1 0 % „„ 2.5 525465 
2.520595 [2521313 2.535189 2.5 536403 25537617 | 
2.5532760 | 2.5533975 11 142.5548524 2.504975 
2.5544892 | 2.546103 253 4 5 24560812 26 
N 2.556989 | 2:5558197 43 2.5 572665 | 245573369 
2.5569053 | 2.570257 22 485 2.558458 | 2.5565886 
2.558 10 3 | 2.582284 — 34 2 2:5596673 | 2.5597870 5 
nn A ape 2.808627 | 2:5609820 | 
. 582.5620548 | 2,5621739 
08 „enn 226 4: o | 2-5932437 | 2.5633624 | 
| 2.5040740 2.5041925 | 1 3 25656117 8 2.5 657298 1 
142.5552573 25653755 2 2.556799 | 2.566908 7 
| 2-5564375 [25565553 * . 2.567969 | 2. 5680843 
2˙5675144 25677320 285 22 2.569 1397 2.5692568 | 
| 2-5687882 | 2-5639054 | 2.56902 26 | 2:5703094 | 2.704262 
nene 25714759 | 2.571924 
| 2-5711263 | 2.5712428 | 2.5713544 2.5726393 2.727555 
| 2.5722906 | 25724069. | 2.5725231 777888 1 
2% 277657 „ . 
6 6525777570 2-5755503 | 29 2.572620 | 2.5773769%f 
R aaotites. | za”: Tarrkancs | a ene] 
| | 25752659 | 25781bes: | 25732953 | 2:784100 | 25735246 | 
9 | 25792118. | 2-5893262 8 2. $06969 | 2.5808110 
> | 2-5803547 | 2-55804688 | 2.5805825 23818359 | 25819497 
$1 2.58 14945 2-5816084 | 2.5817222 SCE 47 2 2 
£4 2.5826314 | 2.5827450 2 2 > . 
2. 5837654 | 2.5838786 112.5839918 : 2 2351 I 25852479. 2 
23885245 e 2583246 25853822 2,5864748- | 
1 02 2. 137 „ 2. $5.4 2. WR... 
E 
2.5893910 | 2-5595028 | 2.5 ar 12 = 
| 2-5905075 | 2.590618, | 2.5907304 Led 1 3 | 
| 2-5916210.} 2-5917322 | 2.5918434 | 2.59 n_ If 2:5931753. | 
EFF oT | 25942820 || 
— 2.5938397 | 2.5939503 2. 5940609 3 1 2.596 3860 8 | 
TVT 
12.598470 2.591571 [ 2.592671 2.59637 8 2.5975855 : 
4971455; | 24973463 | 2-397 3060-1 25974758 | 2,5986811 | 
| 2-5982432 | 2.5983527 | ke by phe: | 259 3345 5 
2.359237 [ 23994454 | 2.599776 2 1 2.6008640 
1 042 2.650087 | 2. | . 
rr ants | rhe | Snyale- | Songs 
— — CLE et riuĩꝛ1—— 2. 


O _— 
2.6020690 
2.6031444 
2.6942261 
2.6053050 
2.60638 14 
2.607450 
2.508 5 250 
2.509 5944 
2.6 106602 
2.6117233 
. 2.5127839 


2.6 201350 
112.5211763 
2.5222140 


2.6242821 


5 2. 6294096 
112.6304279 
112.6314438 


2.633468 5 
26344773 


2.63 74897 
112.6384893 


2.64048 14 


8 1 2.6414741 


2.642464 


2.644486 
126454223 
2.6464037 


— 


2.138418 | 
2.6143972 
112.6159501 J 
2.617003 
2.6 180481 
2.6190933 | 
| 2.6202402 


2.0232493 | 


2.6253124 
{| (25263404 
2.527 3059 


| 2-5324573 | 


2.6354837 
| 2.6364879 


2.6434527 


2.6473830 
2.6483600 
2.6493349 
2.650307 | 
2.65 12780 
4 2.6522463 


26521685 
2.6032527 


/2.0043341 
2.6054128 


2.6064888 


2.6075622 


2.6086330 
2,609701I1 


2.6 107666 


2.61 1 
2.6 128 89 


2.6139475 


2.6 150026 


2. 6160552 


2.6171052 
2.6101527 
2.6191977 


2.6212802 


2.6223177 


26233527 
2.524385 2 
2.625453 
2.6 264430 


2.6295115 


2.6305 296 
2.6315452 


26325585 
2.633 5694 
2.345780 
26335862 
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| 2.9459115 


2:9464031 | + 


22468942 
29473847 


: 2.949 34 12 
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2.957073 
2.95808 58 
2.9585639 


2.959414 


2.95951 84 


2. 9599948 
2. 9604708 


2. 9609462 
2. 9614211 
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| 2.9675480 
2-9680157 | 
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25747750 2.548212 2.554869 2.954910 
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2.9562165 | 2-9562545 29563125 2.95644, | 
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” 
| ac * 


18 Degrees. 


"or FY 


SP 


3116-50185 35319-9769 143 
3219-50223089.976872 
3255 1 
346.5029838. 9767872 


[3 2235578287447 
30.503735 3Þ+97 67022 
375-5041055. 976659 

3289-50448 539.9766171 


509511171 
157195115397 
| d 9.511907 


Tang. 


9+ 2493953 
9.525 35 8910.474641 


81 [9-5287021 10.4712979 


8.722735 10. 4679750 
9.53243 


9.5 357393ʃ10. 4642607 
51.19+5365613[10-4634 3587 


_ | Sine. [| 


— 


* 


9:5245199110-4754801 
10.47 50605 


9:525777910-4742221 
9.5 261966 10.47 380324 
9.5 260150110.4733850 
9.5 27033 110. 47 29669 
9.5274508110.4725492 
9.5 27868 218.4721318 
9˙528 285 3J10.4717147 


9.5 29118010.470881 
9.5295347/T0. 4704652 


529950 5/10. 4700495 
9.5 30366 110.4696339 
9.53078 13010. 4692187 


9.531196 110.4688039 
9.53 1610710. 4683893 


10. 4675611 
9.5 3285201044671474 
33550 10. 4667341 
9.5 336789 10.4663211 


9.53409 10010. 4659084 
9·534504 010.4654960 
9.534916 110.4650839 


9.5353278 110.4646722 


9.536150 510.4638495 
9.53697 19010. 4630281 


— 


Lang 


Secant. | 


K 


100.0230857 
10.0221280 
19.023 1704 
10.0232128 


0 62426 
10.232553 3 


10.023382 


* 


10.023767 910. 492157413 
10.0238 10910· 49178591 


10.023597910.4910444]! 
10.0239401110,4906742] 


10.0240264110.4389934 
[0.0240697110.4895657 


10,.0241563]10.4888281] 2 
10.0241996[10.4884603 

10.0242430110+4880926| 
10.0242865ʃ10.4877251 


1 


wm 1 


| k ks. | | 


0 . - + 4 n 


10.0230434 10.4985 23 36 
10.498 1462429 
10.497769 
10497392517 


10. 496640325 
10.023 2978 10. 4962647124 
10. 0233403010. 49588982343 


10.4955147]P22] 
[0.0234255 10.495 1402421 
10.023468 410.4947661 2c 


10 4943923119 
10.023553 10. 4940180018 
10.023 596410. 493645817 
10.923639 10.493273 11600 
10.0236821 10.492900 151 


10. 023725010. 492528814 
10.0238 5 390.4914150 if 
10.023983319.4903044] 3} 


10. 0241130 10.489 1969 5 I 
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IJsðecant. My 


——  . 
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r 
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M] Sine. 


Tang. 


4 Table of Artificial Sines, 
19 Degrees. 


19-5 126415 9756701 
115.5 13008 9756265 
2.51327 505˙·97 55830 
. 51746.2757554 


93258719 1075508: 
945372321 10.462617 
945377920 10.462208c 
9.5 382017j10-4617933 
9.4386110j10-46133gc 
9.5 3902 19.460990C 


6.515930ch-975276g 
0.51629349-975237 
9.5 1665655 9751891 
9.5 170198. 9751451 
5.577382. 9.975 1011 


9.5 1410675. 95754957 
i 8 <4 46644 


19-5 39428 10.4625713 


540653 104788465 
5 41060 


541467810. 4535322 


[9-541874 71104458 * 
9.54228 13010.4577187 


59.514472 19754521 

9+514837119-9754083 

6.5 152007 3975 3094 
16 218485. 5745880 
25.718829 P. ae 
189.5 1919046 · 9748804 
199.5195 510.9748361 
EO. 5199 112.9747918 
1219.5 202711. 9747475 
1229.5 206307P - 9747031 
70.520517 9.976587 
7 9.521248 85 9.9 45142 
25.217074 9745697 
265.52206566.5745252 
E7P-5 22423 5P· 97448006 
9.5 227811 6.974439 
5 99.5231383 9.974391 
E 9523495 9-9743466 


1 Sine, 


104573123 


5268771045739 


[10,0245479]2:48 


110.5245917 
9.539837 1010. 4601629 


10.489394 


FR 


+5430937 
95434994 
9.543904 
9.5443 100 


10.456609 52 
10.455690 
5447148 10.455282 
5451193 10. 4548807 
2545523619-4544764 


43527 110.4540724 


6331210. 4536688 
154673440 
9.547137 7I0-432 — 


RET 


— 


9.547843 
9.548345 
5487471 
5491487 104508513 


10.2547 400.477 4464 
10.452057 
075 


Secant. 


10.024329910-487358165 
100243735] 94869914] 
[0.024417C 10486625010? 58 
o. o 244600010. 486259 ʃ4,C | 
10.024540 310.48 589330560 


1002463541 
10,0 246792 
10.024723 101 
100.0247670 
10.0248 109 . 
10.0248 549 104329802); 47 

10. 0248989 110.4826170 
10.024943 11044822552 40 | 
10.024987 1] 10.481893 "s 
10.2503 1210. 48153184 
10.0250754 10.481170. 
10.025 119610. 4808090042 
10.025 1639110. 480449001 
10.025 208 210. 48008 88040 
10.0252525 10.4797 289, 79 
10.025 296910. 479369338 
10.025341 31047901017 
10.253858 10. 4786512360 
10.0254303 10.478220, 35 


3 9 7 


10.0255 194J10.477576553 ; 
10.0255641010-4772189Þ2) 
10.02560g7 10.4768617 31 | 


— 


— Lo went 30] 


1 ang. 


E D 


3 


r 


Tangents, and Secants. - 


I Sine. 


3c 95234952 9.97424 
1.52385 185.9743018 
4 52420815. 9742570 
33 945 24564c[9-9742122 
9.5249 196.9741673 
b. 5252749974224 
7 $9-5256298[9.9740774 
9.525984419-9740324 
3319-5 2633837]9-97 39373 
13919-52559 2719497 39422] 
E. 5 2704639497 3997 1 
11Þ-527399719-97 3351 
$95 2775 2019.97 38067 
1 9528105 eg ess 
14 9.5284577 9:97 37162 
45.528 8097. 9738705 
. 9-97 30255 
| 4.525825 9.9735801 
8525 63809. 9735347 
| | e 3:97 34891 
| 39 5.53055505-9734435 
15.539151. 9723980 
j 9-53 1204919+97 33523 
9.5316 1439-97 3300 7 
54 9.531963 5.97326 10 
3 997321521 P- 
49.5 32660809. 9731694 
555595 9. 9731236 9.559885 10.440 1 1460 f. 02687649. 466991 
58 0 633356 P ·9730777 9.5602792 10.4397 200 10.0269223 10.466643 
596.5337044. 9730318 P- 56067 2710.439327; 10. 0269682 „ 
60 LENS 972985 


1 U 


[5:5491487]10:45085 120883 4759 
549550010. 45045 0c 1,5698 210.4761489 
9.549510. 4500489 190257430 10.475791 
9.55035 1910.449648 10 1040257 8751104475436 
9.55075 2310.449247) [199255327[10.4750804]: 
9:5511525110.4458475] [122258776 074735! 25 
55155 240.4484476 [1919259226 
9.551952110.44 80479 


552750410. 4472490 10.026057 810.4733073 
«553149210.4468508] [19:9261025110-47295 37120]. 
| [9+5535477[10.446452 10.0261481 10.47 2600 fl 
9.55394 5910.446054 1] 10. 026193 3010. 472247418 
95543438010. 4456562 10026238 510. 471894717 
554741 5/16. 445258 f [0.02628 3810.47 1542316 
880.4448612 10.263291 10.4711503Jʃl15 
1444641 :63745119.470838<14] 


10. 4704872134 
556329 2J10. 4436708 10. 0264654 

. 10. 4432745 [19-0205 10910. 46978 54% f 
9e5571214110.4428786 10.0265 56510-4694. 350]IC 
9e5573171110.4424325 10.266020 
9.5 57912510. 4420875 
. 10.441692 


* 


70 Degrees _ 5 88 — 


A Table of Artificial Sines, 


\ 


7 


— — — — | 


" © 4 TT 
M Sine. Tang. 8 > Secant. g = 

5.534057) 351065910. 43893410 02714 2J0 48 948fE 
| 119-5 34398-9729 399] P. 5514588 — 1 10.027002104656014] 


8 5.56185 1510.438148 50 [10-027 1062110465 2548600 


9.5622435110.4377501 
9.562636cÞ19.437 3640] [10-027 1984.10. 4645626566 


3 

3 

10027152310. 46490855 3 

| ; 

9-5630278110.4 369722] [19-0272440110.4642168155 3 
r — — A 3 
; 

; 

: 


EE m——— 
3-5634194110.4365 $04] [19027 2908[10.463871 4154 1 
9.5638 10710. 4361893 [12027337 110.4635 263653 | 
9.5642018110.4357982] [19-0273834[10.463181452] 
10.0274297]10.462$37215 
10.027476 110. 46249 005⁰ 


10.0275225110.462 1492 49 
10.027 559010. 461805 % 
10.0276 15510. 4614625. 
10.027620. 4611 1960“ 
10. 02770860. 46 
10.027755 10. 460434 
10.027801 « 10. 4600927 434 
10. 0278486010. 45% lil 
110-027895310.4594097Þ41] 
10.0279421110.4590686{] 


9-5645925110-4354075 
9.564983 1010.435016 
5553733010. 4346267 
9.5657 933]10-4342367 
566153010.433847 
+5665424110-4.33457 
9.56693 1610.433068 
567320510. 4326795 
9.567709 110.4322909 
9.569097 510.4319025 
9:5684856110.431514 
«5688735110.4311265 
$5692611110.430738 
5696484104303 51 
570035510. 4299645 
5704223 10.4295777J 
570808 810.4291912 


—_—y 


14.5 38880 
155.5392230. 9722 
109.5 39565 316-97 22448 
1719-5 39907 39721981 
189.54024899˙972151 
1919-5405 903Þ9497 21047 
9.54093 1419-97 2057 
_ F2119.541272119-972011 
_ [2219-5416120J9-9719642 

2319454195 2749497 19172 
2419-542292619.97 18703] 
25]9-542632119:97 18233] 
2619-54297 1319-97 17762 
$2719-543310309-9717291 
128.5436489. 971682 
129.5439873. 7 16348 
J309.5443253. 71387 


Sine. 


TJ 


525.5516 


20 Degrees 


= 


þ-5443253Þ-9715876 


b ·54466 306.9715400 
9.974931 


2219-54500, 
+ 94545337£19-9714457 
1419-545574519-97 13984 
PP .546011CI.9713505 
_ þ4s- 1.546347 1949713035 
56.545883 26 9712564 


3 9:5 47 354219-97 11608 
9.547659 319-97 11122 
| | 0.548024019.9710655 

1.26 154835551997 10176 


5 135 5486927. 9709701 


1449 · 25285 9709223 
15554935029. 9708744 
5 9.54969 35.975826, 
9.5500 265. 9707786 
| { g* 5503597 9.9707 300 


5 1 55069169. 97068 20 
505.5510237. 9706346 


566.5578855 9705885 


562 9.5 520184 9704902 
66 8 48: 9704415 
[55P-552550119.9703937 
566.5530105 970344 


J 9.557530 P. 200. 


J58 8p: 5 35704. 970248. 
J59.5539995 99702002 
2 94) 24329: 99701517 


Tang.| 


0 954701899. 97 12084 


875.9705383 
6.58 19074010. 4180920 


9-57 27377110.4272623 
9-5731227110.426877-: 
9-57 35074110.4 264926 
9.573891910.4261081 
op $742701 10.4257235 
9+5746601 10.4253395 
9:5750438[10.424956: 
9.575427 210.4245728 
9.5758 10410. 4241890 
945701934 10.4 228066 

3-5755761[10-4234235 


9:5769585110.4230415 


9577340710. 422659 


945777220110.4222774 
9.5731043110.4218957 
9.57848580.421514⸗ 


9.5788669ʃ10.4211331 


9.579247 0. 4207521 
9.5796280f10. 4203714 


58020g0]0.419991cÞ 


9.580389 2110.4196105 


0.5 807691 104183805 
9.5811488 
9.581528 210.4184718 


9-5522564110.4177136 


9.582665 710.4173345 
9.583043 510.4169565 
5$34217]10.4155782 
5237997 110.4162003 
1 — 1 Pay 


gs 
3 


2 


Secant. 1 1 1 


2 


110.0290777 


10. 188 12 0 
483 $0.0295095 


1109-02975 14 


10.02841 24 


10-4555747 
10.0284.594 (0:3 | 


100.4553370 


190.0285069 
10.0285 543 
[0.02860 16 
10,02386491 


10.0286965 
10,028744C 
10.0287916 
L0.0238865 
10.0239345 
10.02898 22 
10.0290 299 


10.454624 
10.4543255 


\ 
CY 


10.45365 2 
L0445321658 
10.45 298 11 
10.45 26458 
10.4523107 
10.451976“ 
10.451641 5 
10.451307 
10.455973. 
10.45 06398 


100291256 


10.291735 0.450306. 
10. 029221410. 449973. 
10. 0292694010. 4496405 


10.0293 174/10. 4493084 
100293654 


10.029413 
10.0294617 


10.448644. 


100295581 
10.029606 3 
10.029654 
40.029703 


10.447 650⁰ 


10.446989, 


10.4463 290 
10. 0297998 
10. 0298483010. 4456701 


I 0.454599 4 


— 
W 


KI 


10.45 98 90f. 


8 


10.448976 


190.1483129 
10. 4479810 


1244406594] 
104446000) 


E ; a . fe 
7 L — : 
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Tangent, and Secants, 
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Pry” — : — 


F 


Tw2 17 
wal Of 


2 
3 


CC wv dQ 


| 


f 


Secant. 
185298483 


10.298968 
10.029945 


9.5$41774[10.4158226 


9.5845 549110. 4154451 
9.5849321110,415067 


9:55432929:9701517 
PEP» 9701032 
$19.970 547 
945553152 
245 556433]9-9099574 
9*5 5597 11]9-9699987 


FR. 2 
GC 
vw 


10.0300426 10.4443567 50 
9370] flo. 3009 13010. 4440285 55 


10.4456708|6c 
10.445 3415159 
1044450132156 


60. 8 1a Oo 3014010. 4437013644 
47855 10.030 1888 ph, i if 


10.0302376110.4430471152 
10.0302864 


$5566259]9-9699S11 
= 55695 29 9.9597 624 
wo 9.5 572796 9-9697130 
10.557500. 998047 


9.587 190410. 
9.5879413 


9.5883163 
9.5886912 
9.5 $9065 7 
9.589441 


115.5577 321P. 9696158 
129.5 5825796· 9695668 
139.558 5835.969517 

1419.5 58908 8. 9694687 


110.0305313 
115.5 59 2338.969416 


10.0305 804.10. 4407562 


10.44 109 120 


G 5901881 10 
9.5925617 
9+5909331 
9.5913082 
95916812 
9.59205 39 
9.592426 110.4075737 
9.592798 f10.407 2015 
9.5931705½0.4068295 
9:5935423110.4064577 
9459391331044 

5942851010.405714 
9.594676 1010.405343 


9595026910. 4049731 
305.5640754. 98877 JP. 2292 J10.404025 


856: 9693704 
2919-909321 

1 $10.5 60207 1]9+969 27 20 
| 1919.5 60 21019-9092227 
Iq. 5608 5409 ˙ 9691730 
1219.56 117799969 1241 
1 5010.969074 
237P- 9690252 
2419.5 621462]9-96389757 
25.562468 5.968926 
2609.562790. 9. 9688766 
279.563 1121. 9688270 
1286.563433 5· 9687773 


185.5595 


10. 0306296010. 4404415. 
1179.5 598 


10.030678 810.4401171. 
10.030728 


10.0310243ʃ10. 437853903 5 2 
10.310738 10.4375315]3) 

10.0311234110.437 2296134 
1040311730 
10.0312227 


10.0312724 10.436245 31 
110.0313221 


9 


Tang. 


— 


o. 4368879334 
10. 436566503 


10.4359246½ 


68 D 2 3 


5605-565945. 96837 fc 


675.5663137. 968328 5 f. 597985 410.4020148 
= 0 . 99682784 ; : 
| 


39.5659 508. 9682283 
[49Þ-567 268 


Jab. 5758686. 568 127% 


635.5773802. 575221 


8 


J575˙57 263629. 9673 188 
586572949 5. 9672679 


1:119.564.396c 86281 
34.554716 %.9685785 


48˙569 8043.977753 


9 
0 3 * - 
. ne 

* 
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Iuangents, und Secants, 


21 Degrees. 


T 


0.56407 54. 9586775 


— — — — 
- — — 


3.565036219.9655 254 
4 3.565 3561199634785 
.56567565:9684.286 


9681781 


—— —— — — 


949689777 


8855588579257 
3-967 8763 
{71-5945 319.9673 255 


— ——— 


5716940. 9674713 


— 


9.57 3202C 


Tang. 


— —U— — m 


9:22 5397 5110.4046025 


[9+5957679$[10.4042321 


2:596133C[10.403862c 
9:5955079110.4034921 
5-5905877<10.4031224 
9597247010. 40275 30 


9.5976162010.4023828 


9598354010. 4016460 
598722510. 4012775 
9.59 909080. 1009097 
9.599458 $110.10054 12 
3:5999267110.400173 
9-0001943110.3998057 
10.3994383 
10.299071) 
10.3987042 
9.0216625110.3983375 


P6045 88 210.3954118 
P- 049529 10.395047 1 
9.5053 17410. 3946820 
9.605681 10.3943183 
P- 0604 5710. 3939543 
5.584090. 3935904 


9.602029 
9.6023953010. 397604) 
9.6027612110.3972387 
19.3968725 

-6034927[10.3965073 
9-6035581[10.3961415 

e0042233110.3957767 


[0.39797 « 


— 


10.03 2376510. 4292490 


10. 0324779 ̃0. 4286198 
10.0325 287104283054 


0 


Secant, | . 


[0.031322110.4359246 


— 


10.0313719110.4356040 
190.0314217 [004352937 
10.0314716]10,47 49637 
inen 10.434439 
10315714010. 1343244 


— 


or 


26 
5 


7 
281 ; 
271 


10.0316214[10.434005 2 


24 


10.031671 5 10. 4336863 
110.0317216 10. 4333676 
10.0317717/10. 4330492 
10.03 1$215110.4327311 
10.0318721110.4324 122 
10.0319223110.4.320956 
10.03 19720610. 4317783 
10. 03 2022910. 4314613 
10.003207 330104311445 
10032123770. 430827 

10.032174 210.4305117 
10.03 2224710. 4301957 
10.032275 3010. 4298800 
10.03 2325910. 429564 


10. 0324272110. 4289344 


10.0325795t˖0. 4279913 
10.0326303ʃ10.4276774 
0.03268 1219.4273638 
100327321010. 4270505 
10.0327831J10.4267374 
10.032834 110.4264240 


— 


— 


231 


22 


211 
204 


ry 


7 
16 


12 
11 


7s. 


| [Secant|4| 


T5 


T5 
144 
131 


3 i 17 578 535 9.966292 
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oF ' 
— 


0 — ih 


4 Table of Artificial Sines, | 


— 


3.6064096 103935904 
2.6067732110-393 2258 
5.607 1366[10-3928534 
9.6078627[10-3921373 
3.608 225 4þ10-3917745 
5.508588 10.39 14120 
9. 608950310. 39 10497 
9. 6093124 10. 3906876 
$f [5.609674 2410-3993258 
9.6100359 10.3 899641 
9. 6107586010. 3892414 


N2<5735754Þ:957 1659 
.573888c[9-9671145 
95742002 9.997063) 
9.5745 123.9670125 
49.5748 240.9669614 


9. 611480410. 3885 19 
9.6118409910.3881591 


— 


b. 512201 J10.3877987 
9.61 25615110.3874385 


> 966343 7 


Tang] IPecant.“ 


10.032885 210.4261 120 59 


10. 03203 8610.425 17505 
10. 0330899 10.424860 40% 


10033 1412ʃ10. 424553254 


9.6111196 193385190 


4 


10.0328341 10.4264 246 © 


10,032936Y2:4257997]h 
10.032987 5010425487756) 


10.033 1925/10. 424242253 
10.033243 810.4239315 
10.033295 2110+4236210lj 

10.0333467J[f0- 4233 108,60 
10.033398 210. 423000940 
10.0334497]0-4.22691 21,8 
10.033501 3 10.42238 17 47 
10.0335 5291042207256 
10.03 3604610. 4217636 6 


10.0336563ʃ10. 42145 5c. 


9.6129214/10.387078 
9.61328 1 210.3867 18 
7.616407 [10.3863 593 
9.0 140000 10.386: 
9.614359 110.3856409 
9.6147180l10.385 282 
9.61507 6810.384923 
9:6154351110.3845649 
6157934110-38420 

dab 10382835 
70 1 093 10.3 3490 
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299.7842824 9.8995 636 
309.784447 119-5994667 


10. 1150195 


0 


| | * 5 Sine. Tang. 


37 Degrees. 


| 


10.097849 
10.097937: 


10. 0990858 


10. 1000494010.2163773 


| 


Secant. | 
10.9765 14 
10.09 7746c 


— ee 


1042202019 
10+2200345 
L0.09803 20 
10.098 1281 


——— 


10.0y82236 
10.0983192 
10.0984 148 
10.0985 105 
10. 0986065 
[0.098702c: 
10.9987975 
[0.098893% 
10.0959895 


[222190322 


10-2150336 
10.2178676 


10.991819 
190.0992781 


10.9995 28010. 2165425 


10. 100 1461010.2162122 
10. 1002428010. 2160472 
10. 1003396110. 2158823 
10. 100436410. 2157176 
10.1005 333J10. 2155529 


10.220527 
52205370 


IC+219867 2]: 


[0.219365g]; 


10. 218855650 
10. 2186990 


10. 21836610 
10.218 1998 


10. 21770104 


10.0993743þ +2175 35714: 
0.099470 
10.0995 669 | 
10. 996533010. 21703866 
10.0997 597J10. 21687320350 
10. 09985620. 216707853 


„ 


2 De Yees 1 FB 
FE ; 1 5 . * * bh 5 - ; 5 | — \ by p 2 wi jo 85 d 5 5 52 * " | 


e r e 


| Fangents i . S ecants. 


Hy Degrees. 


Sine. 


= 2844471 
9.784611. 8993697 
£2 .784.7762]9+3992727 
þ35 9.7849406Þ-5991756 

349-785 1049 5990784 
339.7852691 8989812 
| þ45-7854332þ-3983840 
 Þ716-7855972Þ>-5937867 
3319.78576110 8986393 
Þ 7859 245Þ-3535915 


9.786579 iP 9.898 2015 


Tang — 


[Secant. | 


e880 8849805 10 01150195 | 


105.7860888. 8984944 
5.78625 221 8983968 
35˙7864157P- 8982992 


9.385 242 10.1147580 
9.885 503510.1144965 
9.885 05 110.1142350 
9.88 10. 1139736 
| > 3862978 10.1137122 


9.886549 210.1134508 
9.8868 105ʃ· 01131895 
9.880718 10.112928 2 
| 9.8873 33010. 12967 
98875942 10.124058 
9.587855 410.1121446 
o. 888 116510. 1118835 
9.888377 510.1116225 


* 


10.100335 
10.100630 
10.100727; 
10. 1008 244 
10. 1009216 
10. 1010188 


10.1012133 
19.1913 107 
10. 1014081 


10. 1016032 
10. 1017008 
10.101798 5 


10. 1011160 


10. 1015050 


0.2155529 


10.215223 


10.214895 
10.2147 309 


— — 22“2e 


10. 2145668 | 
n 


10.214071 1]: 
8 


10.213747 10 


10.2135843 


10.215388 >) 


10.2150594[27 


8886386 10.11136 
8888986010. 111100 


889160510. 1108395 

o. 8894214010. 110578 

9.88968 23Jʃ10.1103177 

9.889943 2010. 1100568 
9.89020 10. 1097960 h 

1 


9.8904647[10-1095353! 


-[10.1518962 
10. io iA 
10. 1020918 
10.102189 7ʃ¹ 


1001022877 
10.1023857 


9. 7867424. 898 1038 
b. 786905. 89800 
9.7 870587. 8979082 
97872317. 8978 103 
9.787294 ˙8977123 
9.78755 74P-· 8976143 
2.7877 20298975162 
9.78788 28 98974181 
5.788045 359.8973199 
7882077. 8972210 
n Jet —.— 


10.213257 0184 
10. 2130944 
10.21 29317 3 
10.2126054 
10.212442 1 
10. 1 N 
10. 10258 1910.21211720 gf. 
9. 890727410. 10927460 0. 1026800. 2119547] 8 
9. 8909861010. 10901291 10. 1027784110. 21179230 oþ 
891246810. 1087532 10. 1028767 10. 2116299 6 
9.391507 400.1084926 10. 10297 5 19.211477 5 


9.8917679 10. 1082321 
9.892028 510. 107971 


9.89 2289cf¹0. 107711 
9.892549 41.107450 
6 — 10.197190 


| Tang. l 


— — 


Y 3-7888565|G 855828 
586.7890 184f. 8967294 
555.7891802. 8966308] [9 
— 9.3965 321 


Line. 


. — — 


ws 


5 Degree. 


* 
2 q * 7 
— c . 
. 8 * 2 —— — * 
% 


„„ 


ae e 


4 Table of Artificial Sines, 


OY I DC SLES 
% 


38 Degrees. 


Tang. Pecant. -- 
965321 5.928098 10.107 1902 10.103479 10. 2106580 ) 
2-8964.33 4119.89 20702}10-1069299] [10.103566c 0. 210496405 
5. 896334600. 893330610. 1066694 10. 103665410. 210334805 
9. 8962358. 893590910. 106409 100. 10376440. 2101724ʃÿ 
a 5. 8961369 339385 11]10-1061485 [0.10386Z3 1 — 210012005 
9.8960379 P. 8941114110588 8600. 103962 0. 2098 505 
| 23959389] 9.89437 15/10. 105628 5.0. 1040611 0. 2096896 al. 
_ ] 7þ-7994715Þ+3958399[3-3945317]10-1053653[110.1041607110-2095 2895 
189.7906325 9.8957 4065. 8948918010. 105 1082] ic. 1042594 10.2093075[52 
| 5þ-7507933þ-3956414]þ-395 1519110-1048481]110. 10435 8e$12-2092067 
7909541 2.8955 42: >.8954119110,1045881 [21044578 10-2090459 
1119-7911 145Þ-3954428][2,8956719j10-1943281]110.1045572[10-208885 2Þ40 
| 9.8953435 98959319 10. 1040681 10. 1046565 10. 208724048 
895 2440 0Pp. 8961918010. 103808 2Jto. 10425 6C C. 208 56447 
145.79 15963·5951445 5055 bee 10.104855 9208403704 
115.7917566 9.950450 9.89671 100.1032884 10. 1049550 10-205 2434]45] | 
169.7919165|9-894945 3]|>+39697 14110-1030286]] i10.1050547]10-208083 2044 
9.79 207690. 894845) 1 iin 


—_——— 


17 
65.752236 9.59474 9J˙89749 1010. 1025090 fro. 105254 1010.207753 102 
_ [199-7923968þ-53946461]15.5977507110-10224931 110.105 35 39110-2076032141 
209-7925 566Þ+3945463][2-89380104]10-1019595] [10.105 45 37]10-2974434]30] 
219.7927160. 8944463], 898 270010.10173 
| [229-792876qÞp-39434641[3-3985 29610. 1014704 
1239.793035 5%. 89424630. 898789 210.1012108 
249.7931949. 894 1462 P · 899048710. 1009513 
b | 8940461112-38993032}10-1005918 


— ſ— — — 


10.1055 5 3710. 207283739 
10. 10565 36010. 207 1240038 
10. 10575 37.0. 2069645037 
10. 105853800. 206805 10360 


10. 10595 3910. 20664573 % 


9.899567 7110. 1004323 
9.8998 27110. 1001729 
9, 9000865 10.0999 13510. 106254810. 2061683032 
8JJ⸗. 9004459 10.099654 1010.106355 210. 20600931 

. 900505 2 10. 099394810. 10645 5610. 205 8 50430 


| - |Tang. 


r Degen 


Tangents, and Secants. 


PR 
_ VT 
— 
. 


>. >; 9 res. 
= 9 Sine. N Tang. Secant. e | 4 
109-79414969-8935444 9.900605: [10.0993948 10. 10645 500. 2058504030 


329.79446799-8933433] P. 011 23,lo 988754 flo· 105555710. 20553 0028 
9.794525 69.8932426 9.50138 300.0986170 10. 1067574010. 2053744 27 
79478419.893 1419 9.901642:110.0983578| fo. 1068 58 110. 205 2159026 
35.7494 25.8 9304120 P. 01901 [os 110,1069535110-2050575]25| 
79510089. 8929404] 9021604 10. 0978396 10. 1070590. 204899 2244 
379.795 2590.892839 5 924190 10.0975 805 10. 1071605 (0-204 $2512 


15 Tee is 9:900864+10.2991355] 110-106556:110.2056517]2 
33 


— 


38.795417 19.892738 5 [9:9926736110.0973214] [19.1072615110.2045825Þ221 
4395.795575 19.89 26375 9.9929376110.0970624] . 107 362510. 2044249211 
11c[9-7957 33019-3925 365| [9:993 1960.10. 0968034 J10. 1074635]. 2042 ο 
410.795 8909. 89243540 9034555 10. 0965445 [10.1075644110.2041091]1 9]. 
4 579604 869.89 23342 9.9037 14410. 09628 56 10. 107665 810. 20395 1418 
435. 79 20620.89 22329 b. 9039733010, 060267 10.107762 100.2037987 
445.7963638. 8921310 042321 10.957679 10. 107868410. 2036362 ʃ16 
456.7965 2129.89 203030 [9:92449 1c110-095 509 10. 107969710. 203478805 
405.7966786 9. 8919289 o. 904749710. 0952503 10. 10807 1110. 2033214144 
9. 79683590 .89 18 2740 o. 905008 510.0949915 10. 108 172610. 203 164 1013 
| 9.7 9699309. 89172580 [94905 267 210.0947328 10. 10827420. 20300024 
7.797150. 89 16242 [9-905 5 259110-0944741] 10. 1082758010. 20284991 1 
J 029.7973871 98915226 — 028945 109.0942155 10. 1084774010. 20269 2910 
_ |iþp-7974640þ-3914208] 9.06043 110.0939569 [10,105579210-2025 360] of 
|< 8-7976208Þ-89 13191] [949953017 100936983 [10-1086309110-2023792 
53.797777 5-89 12172] [9.9065 603110-093439 10.1087828/10-2022225 
545.7979341. 8911153 9.9068 188010. 093 18 1210. 108884710. 2020659 
15-19.79809049-8910133] . 9070773229227 10. 1089867 10. 20 19094 


eh. 79824709. 8909 1130 . 9073357 10.09 26643 10.109088710201753⁰ / 
| I«:1.7984034]p-38903092] [9.9075941110-0924055 10. 109 1908 10, 2015966 
585.7985596 9.890707 il ſo. 90785 2510.092147 5 10. 1092929 10. 2014404 
505.7587 158.8906049 h. 08110910. 9 1889 10 [10.1093951 10. 2012842 


ſsd5.79887 189.8905020 [9.9083692110.0916308] 0.104974 10. 2011282 
e. _ | Tang.[] Secant. 


8 


* 2 — : 


—— 


* 


OY BO | 


4 Table of Artificial Sines, 


— — * 
39 Degrees. 
* |T 8 "0 
ang JICCAHt]}  -TÞ 
| 9-903 3692 10.59 16308 [10.1094974 10.201128; 
9.908627 N. 091372910. 109599710. 205972450 
9.908885 80.09 11142 [10.1097021110.2008164]; 
9.7993 3945. 8901954 . 99 144010. 908 550 10.109804 Jo. 200660 571 
449.7994951 9.890092 9.909402 10,0905 975 10. 109907 111 0+ 2005045; 
9:7996507p-3899903] P. 90g. 903397 [1100099 - 20034935 
6.7 9.90991 85110.0900815] 0. 110112310. 200193864 
9.9 10176610. 898 2340 10. 110215010. 200038453 
9e:91042471t10.089565 3] 10. 1103 17819. 1998831 62 
9-9106927[10.089307 3| fo. 1 104 20 10. 199727951 
. 800427 29-88 9109507110.059049J] [10-1105 235}10-19957 2850 
8005 8 230.8893730 P. 11208 0.08879 130 10. 1106264010. 19941779 
9. 800737 20. 889 200 [9-911466410.0885 334] 10. 1107 294.10. 199 26288 
800892 1p. 889 1675 P. 9117245/10. 0882755 0. 11083250. 199 1077 
Ah. S0 104 8b. 88906440 P· 91 198 2410. 0880170 10. 11093510. 198958 
15.80 12015. 8889612 P. 912240310. 0877597 fo. 1110388010. 19879855 
PB. 8013561. 8888 5800 P. 912498 100.0875019 fl. 11142010. 1986439 
9.3015 100.8887547 P. 51275510. 087 244i 10. 11124300. 198489413 
8. 8016649 h- 88865 13] P. 9130137 /10.0869863J 10. 111348710. 198335424 
. 8018 192.8885479 f. 1327 1400.867286 10. 11145 210. 198 1808 
l . 801973 %. 4 P. 213529 0.864709 10. 11155560. 198026510 
302127. 888 34080 P- 913786810. 08621320 0.1 T1659 10-9 7 7456 
80228 16.888237 P- 9140 3 10. 1117628010. 1977184384 
239. 802435 5h · 888 133 P- 91430210. 08 56980 10. 111866510. 197564557 
249. 8025 894-8880298 f · 914459610. 0854404 0. 111970 0. 197410036 
802743 iP. 8879260 F. 9148171010. 985 18 29 10. 112074010. 197256936 
8028968. 88782210 P91 5074710. 0849253 10.112177 10.197 103264 | 
2719.8030504þ 8877182 91933 esse 10. 11228 1810. 196949633 
28. 803 2038. 8876142 9:915339610.084410: 10. 1123858010. 19679624324 
29. 803357 25-8875 102] P-. 915847 0.08415 29 10. 1124898010. 196642803 1 
$035105þ — —.— . 5 10.9838955 10. 112593910. 1904893 6%%/%/ 
Sine. P ecant. 


2 — 


A 
— 


319.8036637. 8873019 
329.8038 168.8871977 

33%. 5039699. 8870934 

3419-804 12289. 8869890 
335.8042757. 8868846 
4369. 8044 284.8867801 

B- S045 8 115.8866756 
389. 804733088657 10 
399. 8048861. 886466 
4c. 8050385. 8863616 


41%. 805 19080. 8862568 


1 
309.803 5 105. 88740610 


43.805495 1.88 
4419-305 647 2. 88 59420 
45.805 799 1p. 8858370 
4559-30595 10 . 8857319 
447.806 1027. 8856267 
4489. 8062544. 8855215 


4429-505 343090. 8861519 
60470] 


1499.8064060[9.8854 162 

_ Þ9jp:3065575Þþ-885 3109 

15 119,806708g}9.885 20 

: 5 5.806660 25.88, hos 

_ [5319-8070114h9.8849945 
454%. 80716269. 884888 

335%. 8073 130. 8847832 


569. So 4A. 8846775 


PE. 2225304 


57 9.80761 545.8845717 

J58 . 80776629. 884465 

159.8079 169.8843599 
| 00 9.808067 5 9.884254 


i . Sine. 


| 


9.916318 
9.9166192 


10.0836382 


99168765 
.9171338 
99172911 


10.0831235 
e e 
10.08 26089 


9186769 


9.918934 

9191911 
9.9194481 
9:9 197051 
9. 9199621 


35.917648 310.0823517 
P. 917905 510. 08 20945 
9.9181627110.08 18373 
3] Pb. 9184198010. 08 15802 
10.08 13231 


10.08 10660 


10.08 338080 


| 


I0.0808089 
10.0805 519 
10.080294 
10.080037 


9202191 


9.920476 


9. 9207329 10.079267 
9.920989 810.0790102 
9.9212466l0. 0787534 


10.0797 809 
10.0795 240 


92 1760 
9.922017 ; 
99222737 


I0.0782396 
[0.07798 3c 
10.07772623 
10.0774696 


e 


99227871 
99230437 
9. 9233004 
99233570 
— 


10. 0772129 
10.762565 
10.076699 

10.0764430 
10. 0761865 


39 Degrees. 
| Isbecant. 


110.1126981 


10. 1129066 
o. 1130110410. 195877 fc 
10.1131154 10.1957 243125 
1£0-1132199] 10-195 57 16124 


[10.1149000]!2-193 [298 k 


10. 1140580 


2 


10.1125939 


10. 1128023 


10019648950 
10.1963 362126 
10. 196183228 


140.1133244 
10.113429 
10.1135337 
10.113384 
10.1137432 
110.1138481 


10. 19603017 


10. 195418923 
10.195 266422 


10.1 95113921 5 
10. 194961 5EEe 


10. 1946570J1 
10. 194504917 


10. 194352816 
| 10. 19420091 5 


10. 1948092 is = 


10.1 142681 10. 1940490 144 


10.1143733] 1019389713 
10.114478 5[19.1 93745612 
10.1 14583 10.1935940 1 L 


10.114689 1181934425 10 


10.114794 510.1932911 


10.115005 510192988 
10.11511110101928374 
10.115 2168191920864 
10. 115322510˙1925354 
10. 1154283J19.1923840 
1001155341 [0.192233& 


10.1156401]10-19208310 if 
10.115746L 101919325] of 


[* 


| Tang. 


0; 8 30 Degrees. 90 — 
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* __ 
— ee tet te ee ES 
. 2 - - — 


#4 1941 din Ao 4 


— - —- — ——  —_— 
- EN 


1189.8 10763 1p.8823357 
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A Table of Artificial Sines, 


40 Degrees. 


7. 80911929. 8835 10 


oH. 80941899. 88 3297 


10h. 8095686 28219 
ih. 809718 25.8830841 
125. 809867 8.88 29774 
|: zh. 8 10017 29.88 28706 


155.8 103 159.8826568 
10.8 10455. 88 25499 
175.8 10614 1b. 88 24428 


19.8 109 12156 · 8822285 
205.8110609 98821213 


21.8 1 1 2096. 88 2014 
422 ·8 1135836. 88 19067 
23. 8 1150699. 88 1799 
24981165 
25.8 1180386. 88 15842 
269.8 1195 21.88 14.766 
27.8 121003. 88 13689 
289.8 122484. 88 1261 
20.8 123965 9.8811534 
305 8125444 %.88 10455 


| 9.308969 2j9.8836168 


$19.809 2691 86622572 


| 


9.9238135 10.761865 


Tang. 


b. 92407019. 07 59299 
19-5243266]1[0-0756734 


9.924583 1110-0754 165 
«9248 3910.075 1604 


110.1159582 


Secant. = 


10. 1919325501 
10. 19178200 


10.191631. 8 


10. 1157460 
10.1158521 


10. 1161700010. 1913310 56 


«9 250900[10.074994C 


9263778 


54 9.88 16918 | 


«9 26634 11170733659 
<9271466]10.07255 3 


3 
9309872 
2 10.0687 569 


o. 116383210. 19 1030854 


92689040. 073 1096 


10.068 5011 


10.1 8 57 


10. 116276810. 1911808 55 


10.1164 890.0. 1908808053 
10.116596 110. 1907 309524 
10. 116702610. 19058 11051 
10. 1168092010. 19043 14650 
10. 116915910. 1928 1849 
10. 1170226010. 190132218 
10. 117129410. 189982875 
10. 117236210. 1898334046 
10.117343 210. 189684 1045 


10.117450 1010. 1895 5c 
10. 117557210. 18938596433 
10. 117664310. 1892269442 

10.117771 50. 189087941 

10.1178787/10. 18893910 
10. 117986010. 188790430 
10. 1180933010. 1886417380 


10.1185 234010. 188047953 

10. 11863 1 110. 187899732 
10. 1187388019.18775 1622 
10. 118846810. 1876035031 


0.113954 J10-1874 3502 


223 


% 
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 Tangents, and Secants. 


— 


32.8 128401195 
33J0·8 129878. 8807215 
349-8 131354 - 8806134 
359.8 13 2829 ·8 805052 
366.5124303. 8303970 
375-8135777P· 8 
389.8 137250 9.8 801803 
399.8 138721. 8 8007 19 
4019-8 14019 9.8799634 
419.8 1416629.8 798548 
12.8143 1310˙8797462 
43-8 144600 9.8796375 
444.8 146067 9.8795 287 
45.8147 534.8794199 


47-8 150464 9.8792021 
4809.8 1519289. 8790930 


809299 


802887 


465.5148999 57931100 


Tang. 8 


[9314955 
99317547 


929320105 
99322662 


10.068 5011 
10.068 2453 
10.067989 5 
10.0677 33S 
2-9325220110.0674780 
[2:9327777110-0672223 
3-93 39334(10.0669566 
3-9332890q[10.0667 114 
2933544 0.06645 54 
9-9330003[10.0661997 
[93425 59]9-0659441 
1949343114 00656886] 
9.934367 010.0654330 
5ß˙9348 2250.651775 
9.93507 810.0649220 
5.853335 


» 


100.0644111 
10.0641556 
10. 0639002 
10.063448 


5.9358444 
5. 9360998 
949303552 


1919-815 339 19. 8789840 
5 9. 8154854 98788748 
6¹6˙8156315˙8787655 
| 52]9-815777619-8786563 
52.815923 55˙8785470 
545.8 160694. 8784376 
J55.81621520.8783281 
Fc. 81636099. 8782186 
575.8 165066). 878 10 
J 86.8 1665 215.8779994 


59.816797 55-877 8896 
Jeg. 8 169429.8727799 


Sine. 


99366105. 633895 
9.936865 910.0631341 
5.371212 100.0628788 
9.9373765[10. 0626235 
9.9376318U0.0623682 
9.93788 7 10.0. 0621129 


2-9381423[10.0618577 


9.93865 2710.06 13473 
2-9389079g[10.0510921 


I0.0646E65| 
10.120689 


9.938397 510.0616265 


40 Degrees. 


10. 1192785 


| 10. 12025 38 10.185686 


Secant. 


19.118954 10.187456 


* & 


| 
— 


10. 1873077 


10. 1190624 8 | 
: 9 


0. 1191704 


10.119386 
10. 1194948 
10. 1196030 
10.1198 197 
190.1199281 
10. 1200366 50G 
10-120145 210.1858338 
9 
10. 1203625 10. 185 5400 
10. 12047 12119-1385 3933 
10.1205 801 10.185 2466 
19.185 1001 


10.120979 
10. 1209070 


10. 1210160 


190.1848072 


10.1845 140 
10.121 2344 0101843685 


— —— 


10. 1217814 
10. 1218910 
10. 1221104 


190.1834934 


10.183 2025 


99391631 10.0608 369 


10. 1222201 atk 


101849530 
10. 1846509 


10. 1833479 


291 
28 
10.1870122ʃ27 
910.1868640 26 
10. 1867171251 
[0.1865 697]}24 
10. 18642230234 
10. 1862750022 
10. 1861279·1 
10. 18 59808020 


19 


18 
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= 


. 


* 


% 


ang. 


40 Degen 


IsSecant.ſu 


* 


A Table of 


\ 


Artificial Sine, 


ii. ad. 


Sine] Tang] | Secant. 


15.877085 2.877670 9. 939418210. 060 58 18 10:1 223200 10.1829 1180 
1 8172334P· 8775601 9.939673 30.0693 267 10. 1224399 10. 1827660 55 
8173785 9.877450¹ 9399284 19.6007 16 | 10.122549 101826215 57 
6 $175 23409-5773401 94018350. 0598165 10.122659 0. 1824765565 


9.94069 3610. 059 3064 10. 122880210. 1821867154 
9409488610. 05905 14] 10.1 229904010. 18204 1953 
9. 941203610. 0587964f 10. 123100% f 0. 181897252 
9. 941458510. 0585415 10.1232111019.18 1752601 
9541713510. 0582865 10.123321 510.18 1608 1c 
9.941968 4/10. 05803 160 10. 123432010. 18 146300 
9.942223 310.0577767] 10. 12354200. 18 13 19 A8 
9.942478 210.0575218 10. 12365 3410. 18 117507 
9.942733 110.0572669 10. 12376 39110. 18 10308060 
9.942987 910.05 0121] 10.123874) [tœ- 19088675 
9-9432428010.0567572 10-1239855þ10-1807427)4] 
9943497 P10-0565024} 10. 1240964f10· 1805988043 
9.94375 400562476 10 124207 ff10. 1804550 
9.944007 20.05 59 28 10.1243 184ʃ10. 18031120 
9.94425 19h 0.055738 1 
9. 9445166110. 54834 
9.94477 14410055 2286 
994502610. 0549739 
9-245 2807[10-0547193 
2-945 535 410:0544646 
9.745700. 0542 100 


209.8 183919P.8 
119.8185364 9. 9765680 
125.8 185807 · 876457. 
139.9188250 99763468 
145.8 18969 2-37 62361 
1155.8191132P.8761252 
189.81925735˙9760145 
1758 19401 9.97 59036 
5.8 195450P·8757927 
19.8 196888. 97568 16 
E .8198325P. 32705 
8p. 5199761P.8754524 
4229.8 201 1969.753482 
PZ. 8 202630. 8752369 
2.8 204063. 8751256 
25P.8 20549 P- 8750142 
2619.8 206927. 8749027 
275.8205 3586.874716. 4504470. 539333 
1288.8 209 788-9746795 [9-9462993Þ:0.05 37007 
4295.82112175˙874 675 5469085 10.05 34461 
 Þakg.82126499-3744561] f. 94680 


„ ie. 


10. 124651 80. 179880438 


10.124985 80017945045 


10. 125 208810. 1791642433 


10. 125432110. 178878331 
84.521910 29.1225439ʃ0. 78734½ 


os Tang. op 5 


FTT 


9.940438 510.0595515 10.122770 10.1823315 55. 


10.124429. 140.1801675 1 5 
10. 124540610. 180023930] 


10. 124763 1f0-· 17973703 / 
10. 1248744. 1795937600 


1.12509 30.179076 [ 


10.1253 2050. 179021432 
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— — 
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— 
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. 


Tangente, and Secants. 


** * 


51) P. 94680840 0531916 
9. 947063010. 05 29370 
9.947317 5/t0.05 26825 
9.94757 2010.5 2428 

9.9478 265ʃ10.05 21735 
P. 4808 10010. 05 19190 


569483355055 16645 
9.948 5899 10.05 14101 
9.948 8443]10-2511557 


379.8 222621. 
389.8 224042 
599.8 2254635 
Ep. 225883 
419.8228302 


q 


(9:9493531 10.050846 

9.949607 510.0503925 
9.949861910.0501381 
9.9501 162ʃ10. 0498838 
9.950370 510.0496295 
9-9506248 
99505791 
99511334 
9951387 


10.049 120 
10. 0488666 
10.0486 124 


145 5.323821 | 
(4519.3239626p.8 
509.8241037. 87 2207 
51.8 2424489. 87 20945 
525.8 245267 9.871868 
54.8 2466769.8717548 
55P. 824308 39.871644 
P. 8249490587127 
575.8 2508969.87 14144 
5 5.825 2301.87 13008 
9. 8711872 
9.871073 


9-9515961 10.0481039 
[19-9521503]10.0478497] 

10.047595 5 
9952658710. 0473413 


9.95 316700. 046833 


441 Degrees. 
i Tang. | = 


9-949098710-0509013Þ 


10.0493752] 


10.127566 
9.95 164 1910.548358 10 


9529128010. 0470872 


y £ 
+ * 
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* 1 
; 
- * A 


Secant. | | 
10.1255435[10-1787 35430 | 
10.1256557]10.1785927]29Þ 

10. 12576750. 178450028 
10.125879 510. 178307407 
10. 12599150. 178 1649/28 
10.126103 50. 17802255 
10. 126215610. 1778802024 


10.126440 1010.177595 82 
10.1265 5 24110-17745 3721] 


10.1268898$[10.177027g]18þ 
10. 127002410. 176885217 
10. 12711510. 1767445185 
10. 1272278 10. 1766029 — 5 


95 


10,1279055]10-1757552] 
10.128018FI0-1756142 
10.1281319]0-1754733] 
10.128 245 410.1753324 
10.128358810.1751917 
10.128472 110,17 505 10] 4 
10.128 58 58101749104 
10. 128699 10. 1747699 
10. 128912810. 1746295 
0. 128926510. 1744891 


Pecant. Pb, 


= * * £ 4 2 * * 4 
* + ** * — 25 — 8 1 
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# 


.0l 


— : e 
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A Table of Artificial Sines, * 


42 Degrees. 


— 


3255 109]2-57 19735 
| 113.32565 12]3-8709597 
'] 2.825791 3]3+3798455 
9.32593 1413-8707 319 
9.8260715|3-8706179 
.$262114]3-$705939 
9.8263512 28703898 
| 719.8264910Þ9-8702756 
319.3 266307 9.870151 
8267703. 8700470 
826909 8.869932 
11.8 27049 b. 8698 182 
129.8271887. 8697037 
135.8273279. 8695891 


14.827467 1]9-5694744 


J:5[9.3276063Þ-$693597 
16.327745 31-369 2449 


; 17 9. 8278843 9.8691301 


189.8 28023 1. 8690152 


Ii. 828 16199. 8689002 


J 21 9.828439 3,8686700 


122.828 5778-868 5548 


_ [23þ9.8287 163.8684390 
124.8 288 547P. 8683 242 
125.8 289930. 868 2088 


7 26 9.829131 4 9.868093. 


27.8 2926948679779 
1280.8 294075. 8678623 
290.8 295454P- 8677466 
309.8 29683 3-867 5309 


Tang, | 


5-9544374110.045562 


gecant.“ 


10.128965 


—̃ — 


9.954691 5010.045308 5 10.129040 


— 


9.955199] 9.448005 


9.958 5004. oꝗ 14990 


9. 958754210. 04 12458 10. 1308699 
9. 9590080. 40 ꝙꝰ 2 20984 8](0. 171976945 
9. 959261810. 040738 24 10. 13 1099810. 171838 1 
9.9595155110.0404345] [1013121451017 169944c 
9-9597693110-0402307] 10. 131330010. 17156079 
10.171422 38 

9.902767 10.397233 (10. 1315604 10.17 128377 
9.9605 30510. 0394695 fo. 131675810. 171145336 
9.907 84210. 0392158 10. 13179 1210.171070 5 
9.961037 810. 0389622110. 13 1906610. 17086884 
9.961291 50.038708 510. 13 2022 110. 1707 3033 
9.961 545 19.0384548[[10.1321377]10-1705925}3 
$110-0382012][10.13225 34[10-170454631 
9-9020525110.0379475|[10.13236g 100.1703 167030 


S eeant. 00 


9. 9600230010. 0399770 10. 13 1445 


9.96179 


Tang. 


10.1744 891 
10. 1743488050 
9.954945 510.0450545 10.129154 J10- 17420879 
10. 129 268 10.0. 17406805, 
2-9554535[0-0445465] 10.129382 100-1739286 
2-9557075110.0442925] [10.1294961]121737886];, 
9.955961 510.0440385 |10.129610c119+17 36488 54 
9-9562154110.0437546] |1i0.12g7244]*217350gch;2 
9. 956469410. 0435 306] |10.1298385[1941733693;; 
9956723310. 043276710. 12995 36173229751 
9.956977 210.0430228 10. 13006741. 17 309023 
9.957231 110.0427689 10. 13018 180172950) 
9.95748 50010. 425 1500 (0. 1302963 ʃ·0· 1728 11340 
9. 957738910. 042261 10 (10. 13041050. 172 U 
9957992710. 042007 310. 13052500. 17253 29,4. 
9.958246510. 04175351 [10.130640 010.1723937 


10.130755 1110172254714 
101721157 3 


47 Degrees, 


b 1 4 
We TR AF * : 
w . i 4 . 
— : on FP " 
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2 a < 8 2 — 

« * * x 

. 


5 525.8326970 


J 546.83 29691 
JP. 33310509.8 


— 


— I b - - ” ; 7 7 
9 a + 
=y . 


Tangente, and Secants. 


= - 
\ * * 
| 1 


— 


»| Sine. 
295.8298833 
431.8298212 
325.8 299589 
336830096 
345.8302342 
306-8 30509 1p. 8669351 
8668 189 


9. 8676309 


— 


* . 


Jß.8325609 9.565 1849 
J5 355.8328331 


J57P-8333766 


Tang. 


9.96205 25 


19-9623061 


«9025597 
9e902513y 
949630565 
9-903 3204 
9.563574 
9638275 
9.96408 11 
9.9643 340 


5.9645 8881 


9.96484 Te 
99650951 
9-965 34.86 
9.965 COꝰC 
98658555 


5. 9661089 


9. 9663623 
9. 9666157 


9.967 3759 


100379479 
10.03 74405 


[0.0309331 
10.365790 
10.036426 
10.0361725 


10.359189 10. 


10.03 56654 
10.354115 


100349049 


10.03465 14 


10.341445 


10.338911 
100336377 


571.0333843 
9.966892 
8871225 


10.033 1308 


panty th 
10.03 26241 


9.9676 2930.032370 


| [9-9678527[10.0321175 


9.568 136010. 03 18640 
9. 968389310. 0316107 


65. 5686427 [180.0313573 
9.968 89610. 03 11040 
9.969 149310. 0308 507 


96940200. 0.0305974 


9-96965 55119039344 


— 


10.037186 


42 Degrees. 


Pecant. 585 
10.132369 010. 


10. 13 26008 
10.132716 
10.13283 27 
10. 1329488 


10. 1320649 
101331811 


10.1692163 


10.1334137ſ0. 1590791 
10.1335 301]10-16594.2 


10. 1339964 


110.1356371 10. 1664878 
10. 1357548010. 1663522 
. 


Lang. 


10.134230 
10.1343469ʃ10.1679845 
10. 1244638110. 1678481 
10.1345 808lt0. 1677117 


10.134815 110.1674391 


10.135049 
10. 135166910. 1670309 
10.13528 


[0.1355 194110. 1666234 


10.125872 101662167 


81703167 
10. 132484510. 1701788 
10. 1700411 


10. 134697910. 1675754 


10. 134932310. 167 3020 of 
10.167 1665 7 


497558950 
10. 135401910. 1667592 
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OS Secant. a 


4 { Tube of n Shen 


i * ** a — — 
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— 


8 b Sine. | Trang PPecant. 
= Acre 8137872“ 8185276 
KB [563337833 N ; 272 1882760 


ö | 
„ ; 54335780 J6 40096 5. 969909 


10. 0300909 10. 1359 04110. 166812 
P. 8 34054 1b. 8638917 . 970162410. 0298 376 fro. 136108 3010. 1659459 
9. 8341894 3637739 9. 97041570. 0295 843 110.1362263 10.1658 10 | 
49.8343 246.8636557 [9-9706655110.0293311] 10. 1363443010. 16567 545% 
i) 0.834459719-3635 370 [9-9709221 10:029077 10.1 364624110.165 540455 


19-3345948þ9-8634194] [5:97 1175 0.0288 24 10.136580 10.165405 64 
F. ge ge ee 9-97 14280ʃ10. 28 5714/10. 136698910. 165 270 j 
5 85˙834864 4058631825 9.97 168 18H. 283182 10. 1368 17 40.165 135% 0 
9.834999 4.830644 P- 9719 3c. 10. 136935410. 1650000; 
109.8351341. 8629460 5.972188 210.0278118 [10.137054c|10. 16486550 10 


: 15.352688 9. 8628274 5.97244 1319.027558 7/10. 1 37172010. 16473120 
1129.8 83540330.8627088 9.972694 510.027 305 5 0. 13729 1 10. 16459678 
135.8355378. 8625902 [9-97 2947 ff. 02705 23] Iro. 137409 fro. 1644622 = 
114.8356722. 8624714 P. 973 20080. 026799 2 110.1375286110.1643278h6] 
15 -$358064þ.8623526 9-97345390-0265401]110.1376474110-164 193445] 
ic. 8359408. 86223380 b 9737071 10-0262929] [10.1377662110.1649 5 
1 5.8350 5c. 8621148 9.973960 — wept Fog 1076352500 5 
1189.8 36209 1p. 8619958 P. 974213 3/10. 0257865 Iro. 138004 210163790542] 
i998 36343 ip. 8618767 P. 974466410. 25 5330 0. 138123 310. 16365691 
ch. 836477 1198617576] f. 9247 19 50.023 2805 10. 138 2424010. 1635 229% 
_ [iþ836109þ8616383] P. 7420010. 2575274 [10.1383617112-1633391hol F 
8. og 9.836744 7þ+-3615 190] [9-975 2257110-2247743] lo. 13848 10010. 163255 380 
 $23þ9-8368784þ+561 3997] [9-9754787110-0245213] 110.1386003]10.16312147] 
: 8 0.$37112109:8612803 9.9757318 10.024268 a to. 138 197 10. 1629879 4 4 
W; A 2561160] þ 9:97 59849 10-2240151 


eee Beta 10.138 392 10.1628 54435 
27 5.837412 5.8609 215 9. 9764909 10.023509 


2 


9 


— 


[ro X94 1016272094 331 
128 8375458 9. 8608018 [9-97 67440]10.022256 10. 139198219. 162454232 
129 9.83767 905.8606821 eee 10. 139317910. 162321031 
— 8605622 P. 977250019.227 55 —2 2 10.16218780 


Ib Sine. _ ] Tang. 


en. | 


* 


Nungents, and Secants. 


43 Degrees. 


pt. 


ö X | 85 | = — 

Sine. | Tang. Med | Secant. | 
396-8378122þp.8605622] [3:9772500|10.0227507 [10-1394378]10-1621878 
$31 9.83794 35. 8604423 9.977503 10.224970 1101395577 10.162054 

32.838078 35.8603 223 [9-977756q110.022244cþ 0. 129677710. 1619217 
3. 8382112 . 8 502022 . 978009. 219910 10. 13979780. 161788875 

34.838 3441p. 86008210 P. 978 26210. 0217380 ff0. 139917910. 16165 59126 
_ P5]p-3354769þ-8599619] . 9785 1491002148510 [. 1400381 1—4615231 
336.8 386096. 8 598416 19-97 8767 10.0212321 110.1401584 10.161390 
37 -. 8387422.8 597213 PS 90209110.0209791] 0. 1402787 10. 16125785 
389.8388747. 8 596009 [9-9792733[10.0207 262] [19140399 1010.1611253 
59. 839007 20.8 594804 p. 9795 26810. 0204732] 10.1405 19610. 1609928 
9.839 1396. 8593599 P- 97977 To. 202 2030 [10-1406401]10-160860/ 


4119.8392719]-8592393] | 9674] j10-1407607[10-1607281 
4219-8 39404119-8591186 . 
5 


| [0.0197144] 0. 14088 14]10-160595 gÞ18 
 14315-3395363þ-$589978] 6.9805 38 510.0194615 [101410022] 10-1604637 
44]9-5396684Þ9.85 88770] [9-950791 10.019 20846 [10-141 1230j10-160331 
5.839800. 887855 b. 98 10443010. 018955 10.14 1243901160199. 
40.8 3993239.85 8635 1 P. 98 1297 210.0187028 10. 141364910. 160067 
47. 84006429. 8585 141 18855 10.184499 [10-14 143591302 599350 
419.8401 959þ.8583929] {9:98 1 10.141607 109.1598041 
149.8403 2709.8 5827180 lo. 98 205 5910.017944 10 10. 141728 210.1596724 
IS .8404 593.8581505 10-1418495]22-1595407 
4p. 84059089. 8580292 Ito. 141970810. 159409 4 9 
n 9.85 790780 ro. 1420922 ʃ10.15 927778 
J 25840853 93578865 110.1422137/19·1591463 
54h. 84098 509.8 57664 10.142335 210.1590150 
15 519+38411162]9.857542 J10-1424568]10-1 588838 
J 6. 8412474.8 574215 39333259 10.016174 1] J10-1425785[10.15375 20] : 
57.841378 5.857 29980 þ9840787110.0159213] 1101427002] 12-1586215 


5 5.847889 9.857177 84331/015568, 10.2428 221010158490 of 
s 418 882P.55 1 


314510017185 
b. 983067310. 016932 
9. 9832202010. 016679 
[:95357310-016427 


4164048570561 0. 1429439J10.1583 595 
50984177 12.8 569341 $45 37 104420855 10. 1582287 © 
e Pecant. Þ 


8417713 8569341 
"1196-841902169-8568121 
I 259.8429328 . 8 566 
36.842 1634.856567 
484229395 ·8 564455 
P.8424 2446.803235 
5 . 8425548 ·8 56200 
7. 842685 15 
8.8428 1546.85 59558 
* 9.842945 HQ 8558332 
109. 8430757P.8 
9.8432057P· 855587 
9.843335Þ+555455 
9.843465 519-3553421 
119-8435953Þ+$552192 
9.8438547Þ+3549730 
9-3543499 


8560784 


9.843984 
89.8441127P-8547 26 
9.844243 5⁵· 8547033 
8443725. 8544799 
215. 844501 8f 854356 
11229. 8446310 e$54232 
* 8447601 p 8 


rang. 


4 


Secant. 


99858484 


9.986859 


9.987112310. 0128877 
9.987365 1]10-0126349 


9.9848 37 210.01 51628 
a9850g0t2014910c 
9.985 3425110.0140572 
9.985595 810.0144044 
10.014151C 
9.985101 210.0138988 
9.98635 400.0136460 
9. 98660680. 5133932 


** * 


10.1430659 010.1582288 
10.143 ene 59 
10.1433 10010. 1579672 

10. 143432210. 1578360 
10.1435545]10. 157706 
10.1436768 019.1575750 
10. 143799 210.1574424 
10. 143921010.1573149 
10.144044 210.157 1846 


9987617919 0123821 
10.0121 294 
9.988 1234 10.01 18766 


P. 987870 
9.988376110.011623 


9.988628 10.0113711 


9.98888 1010.0111184 
C 
0.010612] 
989639 0.0 103601 


9.9891 o. 010865 
59893871 L 


9.989892 10 loro: 
9990145 $10-0098547 


9. 990398 110. 09501 


10. 1441668010. 1570544 
10. 144289410. 1569243 
10.1444 12210. 1567943 
10. 1445 35010. 1566644 
10. 144657910. 15653457 
10. 144780810. 1564047 

10.144903 10. 1562750 


10.145 1501010. 1569158 
10. 1452734010. 1558863 


0: 145027010. 1561454 


10. 145396710. 1557568 
10-1455 201]10.1550275] 


berge ge 


910. 07833 


10.008808 87 


10,1456436]19-1554992 
o. 145767 100.155 3690 
10. 1458907//˖0. 1552399 
10.1460 144/10. 155 1109 
10.146138 1010. 1549819 
10. 1462619010. 1548530 
10.146385 810.1547242 


io. 146509 8J19. 1545275 
10. 1466338110. 1544669 


10. 1467579010. 1542382 


» ry ; 


__|Secant, 


So ade — 


Aw 


| Sine. 


3119.84.5 7903Þ-3531175 
32]9-8459185[9-35 29936 
3319-346047 1.8 5 28693 
349-34617 543-35 27449 


Þ4Þp-34643 185-35 24959 
4375˙8465 599.8523713 
1389.846687. 85 22466 

39.8468 158.8521218 


4425 .84719918517471 
430.8473267 ·8 5 16220 
4419-84745 43Þ+35 14969 
EP. 4288175·8813717 
4019.8477091]-95 12465 
47. 84783659.8511211 
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